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PREFACE TO THIRD EDITION 

A FEW remarks have been added to emphasise what is more 
^ important in the early pages dealing with principles. 
Chapters have been added on Negative Resistance and 
Negative Inductance and on “Pictorial” Radiolocation. 
This phrase describes the newer inventions in that field. 

T. H. T. 

PREFACE TO SECOND EDITION 

TN preparing this second edition, the opportunity has been 
taken to incorporate some additional information which 
the reader should find of considerable interest. In the 
Introductory Chapter the “Magnetic Effect of Electric 
Current ” has been made a sub-section. 

“Pulse Time Modulation” and the "Characteristic Imped- 
ance of a Filter”, are other features of the new edition, and 
four completely new chapters dealing respectively with the 
“Co-Axial Cable,” “Heterodyne Receivers,” “]\|^well’s 
Curl Equations,” and “Wave Guides," have als^ been 
included. ' • 

-T. H. T. 


PREFACE 

INTRODUCTION TO ELECTRICITY AND RADIO has 
evolved out of two lecture courses which I undertook in 
Liverpool, the one on the fundamentals of electrical science 
to the junior members of the staff of the Automatic Telephone 



VI 


PREFACE 


Q)., Ltd., and the other, on radio, to students in the 
Royal Air Force. 

Zd}' aim has been to give students of radio a thorough 
knovdedge of their subject, not onlr* as regards the important 
details but in broad fimdamentals. So that when thet- have 
read and studied its pages they v.-ill never be in danger of 
becoming lost in a mass of details because the 3 - can at ant" 
time retrace their steps from first principles. As evert' 
experienced teacher knows the stimulus that he himself gets 
from helping the enquiring, intelligent student to solve his 
difficulties results in clariScation of his own mental processes. 
I sincereh' hope that I have succeeded in transferring to these 
pages the results of this mntuallj* helpful process and that 
hilroiiidion lo Ehdricny and Radio will be of use to those 
for whom it has been written. 

Without allowing colloquialisms and technical phrases to 
become a cloak for avoiding difficulties I have tried to talk to 
students in the language the\’ use and understand. If on the 
basis of the book thet* are able — and e>q>eiience tells me that 
the hope is not vdthout justification — ^to give dear and 
tmderstandable ejqdanations of the terms thet* use and the 
circuits they elaborate, then my aim vrill have been realised. 

Ity thanlrs are due to the .Automatic Telephone ilfg. Co., 
Ltd., for permission to make use of the lectures which I 
delivered to their sta2; to mt' friends and colleagues Messrs. 
Peover, Ireland and Spearman for help with the illustrations; 
to ilr. K- E. Clifton for encouragement at all times and to 
^Ir. D. lYoolven for stimulating discussion which clarified m\' 
own thoughts and helped me to write, I hope, with simplidty 
and luddit}'. 


T. H. T. 
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CHAPTER I 


INTRODUCTORY 

L ike the student who, when asked to define "work” in 
mechanics said "Everything is work," so we may say 
that electricity is the stuff everything is made of. Every 
atom of every' substance has one or more electrons or particles 
of electricity. These may be rubbed off, just as dust is 
rubbed off one’s coat. For example, if a fountain-pen is 
nibbed on a coat sleeve it becomes electrified and will pick 
up bits of paper or straw. When two substances are thus 
rubbed, one loses electrons and the other gains them. The 
one that loses them is said to be positively charged, the other 
negatively. The rubbing of amber and the property it 
acquires of attracting and holding light objects such as small 
pieces of paper, has been knorvn for ages. Another property 
of another substance found in a natural state has been kno\vn 
since ancient times. This time it is magnetism which is 
involved and the natural substance not amber but an oxide 
of iron. The ancients used "lodestone" suspended by a 
thread as a compass to point north and south when crossing 
the desert. These two properties — that of amber to attract 
light objects when rubbed and of lodestone to point always to 
the north when suspended by a thread — ^seemed to have no 
connection, and it was not imtil the middle of the nineteenth 
century' that any connection between them was recognised, 
when Michael Faraday showed that there was in fact a very 
close connection. 

We have said that everything — a table, a piece of iron or 
copper, the rocks and trees — all have countless electrons in 
them. M’hen the electrons in a vdre are made to move along 
it, we say there is an electric current flowing in the wire, 
just as currents flow in air or water. We may have a room 
in which there seems to be no air. The air is there, but it 
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is not in motion; there is no breeze, no flow, no current. A 
fan or a pump, for circulating the cooling water in a motor car, 
causes a current to flow. So the battery or dynamo acts like 
a pump and drives a current of electrons or electricity round 
the circuit. 

Take a torch as a simple example. Here the electrons 
leave the battery at the point where the coiled spring is. 
They flow through the coiled spring itself, up the case towards 
the bulb, then into the bulb when the switch makes contact, 
through the wire or filament which gives the light and out 
of the bulb into the battery through the little spot of solder 
on the bulb. 

When contact is broken at the switch, current ceases io 
floit) because electrons will not flow through air, at least not 
at the low pressure or voltage of a torch battery. 

With thousands of volts, however, current will flow in air 
and give a spark. This is lightning flash in miniature. 



• One beautiful experiment shows the flow of electrons in a 
vacuum. A pear-shaped glass tube has a piece of wire sealed 
into it at one end, and another wire connected to a metal 
cross sealed in near the other end. (Fig. i). 

When a high pressure is applied to the two wires, the first 
piece of wire being connected to the negative of the coil 
supplying the current, a stream of electrons flows along the 
tube. Some hit the cross, but not all ; others go past its edges, 
and strike the end of the glass tube. The glass is a special 
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glass, which glow's green when electrons hit it. The result 
is a vivid green glow on the end of the glass tube, wdth a dark 
shadow shaped like a cross where the cross intercepts the 
flying electrons. Those electrons which hit the cross return 
to the coil w'hich acts as a pump like a battery. 

About 200 large H.T. batteries would do instead of the coil! 
The coil wus invented first, and is cheaper. 

Here electrons are given off by a cold piece of metal wire. 
If that wire is hot as in a radio valve,' much less voltage is 
needed. Thus the high tension voltage for a valve may be 
as low as lo volts. 

There are two effects of electricity. Like wind, electricity 
is known by its effects. If W'e see the smoke from chimneys 
blowing up the road we say: “It is a south wind.” So with 
electricity. When the heat is there, we know the current is 
“on”. In addition to the glorving of a torch" bulb, and the 
glow of the glass of the Crookes tube, there are other effects. 

The chief effects of the electric current are: 

1. The Generation of Heat. 

2. Production of Magnetism. 

3. Chemical breaking dorvn. 

4. Induced Voltage caused by variable currents. 

Heating Effect of the Electric Current. 

Whenever a cmrent flows through a conductor, heat is 
generated. Current flow's more easily through some metals 
than others, and scarcely flows at aU through such sub- 
stances as rubber or glass. These are called insulators and 
the metals together wth carbon, are called conductors. 

Conductors are always heated by the passage of a current 
through them and for a given current the poorer the conductor 
the greater the heat developed. This is the principle^ of the 
electric fire, and toaster. The heating wires are made of a 
poorly conducting metal. They become hot, although the 
wires leading from the plug, being made of copper, a good 
conductor, keep cool. 

Magnetic Effect of a Current. 

A moving electron produces a magnetic field in the space . 
"round about its path, which is the same as saying that a 
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in lliis way, tlierc is an important diffeicnce between the two. 
On removing the metal from tlic coil or on turning the current 
off, a piece of iron will lose its magnetism while steel will 
retain it. This is thought to be chiclly clue to the difference 
in hardness between the two. The theory is that cver}^ mole- 
cule of a piece of iron or steel is in itself a complete magnet. 
In an unmagnetised bar, the molecules arc arranged higgledy- 
piggledy, so that there is no resultant magnetism, but when 
a piece of metal is magnetised, all the molecules turn round 
and face one wajn In the case of soft iron, the molecules 
are free to turn back again when the magnetising force is 
removed. Ip steel, however, the mbleculcs are not free to 
turn back and the steel icmains magnetised. 

Magnetic Fluxes. 

Magnetic Fluxes, like electric currents, always c.\ist in 
circuits or closed loops like clastic bands. 

Three important points should be remembered about 
magnetic linos of flux. 

(1) Lines object to crowding. 

(2) They like to take the shortest path. 

(3) They never cut each other. 

The lines of flux in a magnet may be imagined to enter at 
one end, the South Pole, and leave at the other, the North. 





It is iour-d that a trace of cobalt in the steel helps it to 
retain its magnetisit:; indeed, some of the jvsrx special steels 
are remar-rable for their magnetic properties. 

As the lines of S-is radiating from a magnet can never cat 
each other, a Isorth pole vrill renel another Xorth pole hrorsht 
near {Fig. za). On the other hand, vrhen a Xcrth pole is 
bronght near to a Sonth pole, the lines take the form shorm 
above, and the tvro tmlike poles attract (Fig. 20 }. 

THE iL^GXETTC EFFECT OF ELECTRIC CLUREXT 

One of the ver^- important facts about an electric cxrrent 
is that it al'says proi'.ices ‘m'lgiid'.c pvx. If vre trind vire 

ronnd a piece of iron, snch 
as an iron nail, and send a 
cnrrent round the tnms of the 
Wire, lIisii nsil 
magnetic and vili pick np 
small nieces of iron. Porrer- 

this Trap. 

Even a single straight rrire 
causes a 5ns. In this case 
the magnetic Scs is in circles 
round the trrre. Strredv 
sneaking the cnrrent canses a 
3Iagnetic Force and this force 
causes the Sns. For a given 
ilaanetic Force the nns is 
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larger if an iron path, like the nail is provided, than in the 
case of an air path. Many turns are needed round the nail to 
make a good magnet. 

The general rule however is always true: 

Current Causes Magnetic Flux. This is one of the chief 
things which has been discovered in nature, where physics 
is concerned. See Fig. 3. . The wire should be insulated 
to make the current go round the turns and not jump from one 
to the next. 

Here is a simple experiment. Take a loop of wire and 
send a -current up one side and down the other. There will 
then be a field round the "up” wire in one direction and a 
field round the " down” ^vire in the opposite direction. These 
two fields repel each other and the vdres tend to fly apart 
when the current is switched on. The field round a straight 
wire is circular and the field is strongest close to the wire. 

Let us take two circles, one of i in. and the other of 2 in. 
radius, surrounding a wire. How strong is the flux in the 
inner circle compared with that in the outer circle? It is 
the same current which produces both fluxes, and therefore 
as the flux line is twice as long in the case of the outer circle 
it will have only half the strength. We thus conclude that 
in the case of a straight wire carr3ing a current, the flux 
density outside the wre is inversely proportional to the dis- 
tance from the centre of the wire. 

It cannot be too strongly emphasised that fluxes are direc- 
tional, i.e. they arc "vectors". A vector is a quantity which 
has direction as w'cll as magnitude. Force, velocity, accelera- 
tion, magnetic flux — all these are vectors. 

If we have a ship steaming North at 8 miles per hour and a 
man is crossing the deck from East to West at 6 miles per 
hour, the tnie speed of the man relative to the water will be 
10 miles per hour. This is found by drawing a parallelogram 
of velocities as shown in Fig. 4. 

Sine waves are often thought of as being produced by 
rotating lines. These are like vectors, and they add like 
vectors. A sine wave is not a true vector because it has no 
direction in space. But sine waves add like vectors so the 
moving line is often called a vector. 
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Fin, 4, — -TKiAirGis 07 Vrjujcizvzs. 


Batteries. 

All the early v.-ork fjn 
electricity v/as doTiS v.itli 
batteries and there are 
tr.'o or three types still in 
tise. One is the r.-pe 
used for torches and Hirh 
Tension Batteries. Each 
cell has a zinc case vrhich 
is part of the cell, a carbon 
rod in the middle and 
a paste containing sal- 
ammoniac among other 
things. When the zinc is 
eaten av/ay by the passage 
of the current v/hich the 


batter}' generates, then the cell is run dcr.vn, Nerv tj'pes lately 
inrented are made in layers and are not ctdindrical unless one 
calls a pancake a ct'linder. Thet* are like a sandevicb. 

■^^Tien the carbon of one ceil is connected by a vrire or 
mads to touch the zinc of another as in a f.vo cell torch, 
then the ceils are said to he in series, as in Fig, 5, 

Then the roitages of the ceils all add tip and if the voltage 
of each cell is the total voltage is 6, If the cells are 
connected as in Fig 6, the cells' are said to be in paralleh 
VTien the cells are in parallel their voltages do not add up. 
The pressure or voltage on the lamp is still volts, the same 
as that of a single cell, but the currents from the celF add up 
to form the total current throagri the lamp, V/e have then 
a most fundamental rule; 


In Sepjes . . Add Voltages, 

In P.ArctLLEL . Ann Cuhee:.'ts, 

In practical experiments it is found that the resistance in 
each cell uses up a part of the pressure m order to drive the 
current through the cell on its v/ay to the lamp. The main 
tiling, hovever, is that /fe prazure niea:Mred. in VOLTS caiizes 
a current meaiurcd. in AMPERES to fiov; through the lamp. 


Accumulators, 

An accumulator is a batterj' v.-hich can be recharged, 
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Fig. 6. — Batteries in Parallel. 


when run down, by passing a current through it from another 
battery or djmamo in the reverse direction. The torch type 
of battery gets weak towards the end of its life but a lead- _ 
acid accumulator does not, and it can be charged-up very 
easily as just described. 

There are three signs which tell when the recharging is 
complete and the accumulator again up to full strength. 

[a) The positive plates look dark-chocolate in colour. 
{b) The acid gives off gas and bubbles rise to the 
surface. 

(c) The acid density rises. 

Having dealt with batteries and said that currents flow in 
circuits, we now proceed to describe how currents are mea- 
sured. Really one of the effects is measured. 

B 



CHAPTER II 


ELECTRIC CURRENT MEASUREMENT 

W E have spoken of electrons as small particles of 
electricity, and now we have to consider electrons 
‘in motion, i.e. an electric current. A current of electricity 
like a current of air or water, is merely a flow. There are two 
things of importance in a flow, the first is the direction of 
flow and the second is the rate of flow. The actual velocity 
of flow is unimportant. 

By rate of flow, we mean the niunber of electrons per 
second, just as we speak of the number of gallons per second 
passing a given point in a stream. For power purposes the 
direction and the rate of flow are very important, and it 
is equally so in the case of electricity. What then do we use 
in electricity as a measure of quantity of electricity? What 
unit of meas,urtmtnt do we use in electricity corresponding to 
our gallon in measming water? The electrical unit of quan- 
tity is the Coulomb and it consists of 9 x io‘® electrons. 

This rate of flow is so important that there is a special 
name for it. A flow of One Coidomb per second is called an 
ampere, after the scientist AmpCTe. 

When an electric current is flowing through a heater, the 
greater the flow in amperes the greater the heat produced, 
. and when a crurent is flowing through a lamp, the more 
amperes, the brighter the h'ght. 

Let us nov/ consider how amperes are measured. There 
are rivo main types of meter for measuring electric current, 
one depending on the heating effect of a current, the- other 
on its magnetic effect. A meter w'hich depends on the heating 
and expansion of a wire is called a "Hot Wire" instrument. 

Hot Wire Ammeter. 

In this instrument a fine wire is stretched between two screws 
inside a draught-proof case. To the middle of this \vire is 
connected another as shown in Fig, 7. To this second wire 

to 
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a thread is attached, which passes over a pulley connected 
to the pointer. As the current to be measured heats the first 
wire it expands and sags by a definite amount corresponding 
to the current flowing. This movement is transmitted to the 
pointer, thus gi^dng an indication of the current flow through 
the instrument. 



The instrument has the disadvantage that its deflection, is 
proportional to the square of the current, and thus the de- 
flection of the pointer for 7 amperes is 49 times the deflection 
for one ampere. The heating effect of a current is always 
proportional to the square of the current in amperes. It 
looks therefore, as though, if we have a current of say 3 
amperes in a heater and then increase the flow by 3 more 
amperes, that we are getting something for nothing. The 
fallacy vill be seen later when we consider power and elec- 
trical pressure. 

Tangent Galvanometer 

Another very simple instrument for measuring current is 
knovTi as the Tangent Galvanometer. This depends on the 
deflection of a magnet by an electric current. 


ELECTRIC CURRENT ILEASUREMENT 13 

If we obsen'e 6, in degrees, the proportion of the sides 
CB to CA follows at once. In trigonometry' we say 

CB 
CA 


Tan 0 


Tan Q is simply the name given to a particular value of the 
CB 

ratio ^ for a particular value of the angle 0. 

Here is a table of the values of tan 6 for ten values of B. 


8° 

Tan 9 

0 

0 

10 

■176 

20 

•364 

30 

■577 

40 

•839 

50 

- I-I9 

6o 

173 

70 

275 

So 

5'67 

90 

Infinite 


We have then = tan 6. 

Now as the earth’s field is constant, it follows that H as 
well as ^ is a constant. Thus the current I is proportional to 
the tangent of the angle 6. 

Magnetic Instruments. 

A very' good type of instrument for measuring amperes 
depends on the magnetic effect of a ciurent, and is called a 
mo\Tng-coiI ammeter. 

If a vire carrying an electric cmrent is placed in a magnetic 
field, the wire experiences a force tending to move it at right 
angles to the flux — ^not tow'ards the magnet or away from 
it but at right angles to the flux. This may be memorised 
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Fig. 9. — CoNSTnucTioN of Moving Coil Ammeter. 

by what is knowTi as the left hand rule. If the thumb, fore- 
finger, and second or indc.x finger be held at right angles to 
each other, the following relations apply. 

If the forefinger represents the direction of the flu.\, and 
the index finger the direction of the current, the thumb will 
indicate the direction of motion of the wire. The working 
may be shoMm by taking two magnets and a suspended coil 
of wire. The magnets are arranged North to South to send 
a flu.x past the coil, which is free to turn about a vertical axis. 
If we send a current round the coil, it will go along one side 
and back along the other. (See Fig. 9). 

Applying the left hand rule it will be found that one side 
of the coil tends to move backwards and the other forwards. 
Consequently the coil twists as a whole. This is also the 
principle of an electric motor, which has two chief parts, a 
stationaiy frame with field magnets and a moving armature 
carrying coils of wire. As each coil on the armature moves a 
little way, the current is switched on to another coil by a special 
rotating switch known as the commutator. 
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Electric Pressure. 

In addition to current strength, it is necessary to consider 
pressure. This will be seen from a consideration of waterfalls. 
A shallow fall such as the Horseshoe Falls at Llangollen, 
having a height of about 3 feet, will not be as powerful, gallon 
for gallon, as say Aira Force in the Lake District, which has 
a height of about 80 feet. The difference is in the pressure. 
Electrical pressure is measured in volts and the following list 
gives an idea of the size of a volt. 


Pocket lamp battery 
Telephone E.vchanges 
Electric supply for houses 
Trams . . . . 

Trains . . . . 

Lightning 


volts. 

20 — 60 volts. 

115 — 230 volts. 

500 volts. 

600 volts upwards. 
Several million volts. 


We have seen how an ammeter works. How does a volt- 
meter work? The voltmeter is an instrument designed to 
measure pressure. 


The Voltmeter. 

How do we determine the pressure in a water pipe? The 
simplest wa5' is to take a Ene drill and bore a small hole in 
the pipe. If the water comes out slowly we know that the 
pressure is low. If however, it comes out fast, we know that 
there is a high pressure in the pipe. 

A voltmeter is designed to do the same for electricity. It 
is an instrument which measures the current flo\ving through 
a small "leak” in the circuit. This leak usually consists of a 
high resistance placed in the instrument case. 

In using meters it is important for the beginner to note that 
if we wish to measure the pressure which is being applied to 
a piece of apparatus, the voltmeter should be placed across 
the apparatus, oning to its high resistance. An ammeter, 
on the other hand, should be placed in series nith the apparatus 
so that the current to be measured may actually flow through 
the instrument. 
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Electrostatic Voltmeter. 

There is a type of voltmeter which does not measure the 
current through a leak, but measures pressure directly. 

If two insulated plates are connected to the two poles of a 
battery, one will be charged negatively and the other posi- 
tively, i.e. one plate has an excess and the other a deficit of 
electrons. These two plates will then attract each other with 
a real mechanical force. This force is slight but by allowing 
the plates to move freely vmder the influence of a very light 
spring, the electric pressure or voltage which is tending to 
move them, can be mcasiured. 

Electric Power. 

The power of a current depends on the pressure and on the 
current flow. It is therefore necessary to multiply volts by 
amps, to get power. Power is measured in watts. One 
ampere at a pressure of one volt is one w'att. 

Pressrue X Current = Power 
F X I = W 

Thus an electric iron w'orking on a 200-volt circuit taking 
2 amperes consumes 400 watts. 
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OHM’S LAW. 


W E have spoken of the current flow in amperes and 
also of the pressure in volts. We have now to ask 
what determines the amount of current flowing in any circuit. 
The answer is to be found m the resistance which conductors 
offer to the passage of an electric current. A thin wire natur- 
ally offers a higher resistance than a thick one. An iron wire 
offers more resistance than copper wire of the same form, and 
so on. 

The pressure in volts drives the current in amperes through 
the resistance, which is measured in ohms How big then 
is an ohm’ An ohm is a resistance of such a size that a volt 
will drive one ampere through it. Similarly. 


2 volts drive 
2 /, ,, 

4 i> )i 

8 .) .. 


2 amperes through i 

^ It ;» 2 

2 <> >> 2 

4 >> )> 2 

2 I) 3 


ohm. 




In order to obtain the current, then, we divide the volts by 
the ohms. 


Amps = 


volts 

ohms 


It is customary to use I for current, E for volts and R for 
ohms. E is used as short for e.m.f. which means electro- 
motive force. 


We have then, in symbols, 1 — 


E 

R 


By algebra, this can be changed to IR — E 
and in this form the formula is useful when we Icnow the 
resistance R and current I and we wish to find the pressure E. 

17 



l8 XKTRODCCnOX TO ELECTRICITY AXD RADIO 

E ■ 

Again, the law may be written R — ^ m which form it is 

possible to calculate the resistance from the pressure and the 
current. 

Wide Application of Ohm’s Law. 

Ohm’s Law is of imiversal apphcation ; it is true for the -whole 
drcuit, and for ev'ery part of it taken separately, and for any 
two or three parts of a circuit taken together. 


Example I. A lamp is fed from a 100 volt dynamo 
over a cable whose resistance is 5 ohms. The current 
going out, measured on an ammeter is J an ampere. 
Find (a) The resistance of the lamp, (h) The voltage on 
the lamp, (c) The volts lost on the cable. 


The whole point of this problem is that the pressure from 
the dynamo has to force the current of ^ ampere along the 
cable and through the lamp. We knoiv the cable resistance 
but do not know the lamp resistance. We can however find 
the total resistance for the circuit from the known current 
of ^ ampere and the known voltage loo, thus: 



= 200 ohms. 


As the resistance of the cable is 5 ohms, the lamp resistance 
viU be 195 ohms. 

Xow apply ohm’s lav,' to the lamp. 

E = RI. 

E — 195 'A \ — 97I volts for the r'oltage on the 
lamp. The other -z\ volts represent the loss in the cable. 

We ma}' now see why the heating effect of a current is pro- 
portional to the square of the current. 

Heat is a form of energy and therefore the rale of production 
of heat is equal to the rate of waste of electrical energy' v.hich 
is power in watts. Power is the rate of expending energy’. 

Power in watts = £ x / but from Ohm’s Law E = RI. 


Thus W = RI y. I = RI\ 
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The reason why a double current through a we represents 
four times the power is that in order to double the cmrent, 
it is necessary to double the pressure in order to force the 
double current through the'same resistance. 

Resistances in Series. 

Take two resistances in series, and call them and K^. 
(Fig. 10). 'i^Trat wiU be their combined resistance? 


E 


Fig. 10. — Resistances in Series. 



Let the current florving from a battery of B volts be i 
amperes. 

Now apply Ohm’s Law to each resistance separately thus: 
Voltage $1 on 2 ?^ = Rii 

Voltage 62 on R^ — R^i 

Total voltage E = {Ri + R^K 

Now divide E by i to get the total resistance and 
E 

-7- = + Rz- ^ Resistances in series add up. 


Resistances in Parallel, 

Here, let the battery once again have a voltage E. The 
current through Ri will be 

E 

E 

Similarly i^z=: — 


Total i = + *2 = ^ + 

Kx K2 
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i = E 

■ RxJ 


'Sovr to Snd the total resistance, dithde bt* i and vre have 
£ X 


Ri ‘ Rt 

If we call i?j- the total resistance, we have 


Rt Rx * Ri 

We cannot say that resistances in paialiel add up, but we 
can sat' that their reciprocals add -iip to the reciprocal of the 
total resistance. After a few trials it will be seen that the 
total resistance of a nnmb-er in parallel is smaller than the 
smallest one in the gronp. Apnlving these roles again and 
again, it is possible to determine the currents in all branches 
of a nervork however complicated it may be. 

Where there are onlt' wv. o resistances in Daraliei 



RA 

Ri-Ri 


or 


Product 

Snm 


6 oluns and 12 ohms in parallel would be 3 ohms. 


Linear Xatnre of Electrical Quantities. 

In the evperimcnt illustrated above, do-nbiing the voltage 
do'ables the current according to Ohm’s Law. B'lit whilst rt 
is a vert' convenient method of calculating ccrreni. Ohm’s 
Law is ranch more than that, and has other far-reaching 
conseo’uences. 
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If Ohm’s Law stated that the current was proportional to 
the square of the voltage or something of that sort, what 
follows would not be true. It is the simple proportionality 
which counts. If now we have two batteries in a circuit 
either at the same place or at two different places, the current 
everywhere in the circuit may be found by calculating that 
due to each battery separately and adding the results. This 
- process holds in the case of all electrical pressures, whether 
alternating or direct. 

Mathematicians, used to plotting graphs, call Ohm's Law 
a “linear law’’ because anything which is in simple propor- 
tion, gives a straight line when plotted on a graph. 

In order to get a working knowledge of electricity it is 
essential to remember what volts, amps, and ohms mean and 
how easy calculations are made. A few examples wDl help. 


Problems of Ohm’s Law. 

Let us find the answer to a series of problems concerning 
the current flow through circuits. All yield to Ohm’s Law. 
It cannot be too clearly grasped that Ohm’s Law can be used 
several times in the same circuit, each time in one of its three 
forms. 

(1) Given a Resistance and a Voltage, to find a Current 

E 

use the formula ^ ^ 

(2) Given a Current and a Resistance, to find a Voltage, 
use the formula E — RI 

(3) Given a Voltage and a Current, to find a Resistance, 

E 

use the formula R — y 

Of course it is the same formula every time, but turned 
round to suit the purpose. There is one way, and only one 
way to grasp Ohm’s Law and that is to turn it over in one’s 
mind and try problem after problem. To solve problems 
out of a book is good, but it involves looking at the book, 
and there is a better way ; that is to make the problems up 
for oneself. A young student who does that is just as well 
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Total resistance = 400 + 300' + 50 = 750 

_ . r -2^ 48 16 

Current I — ^ = = — = ‘064 amps. 

R 750 250 ^ ^ 

(1) The Transmitter voltage is given by applying Ohm’s 
Law to the Transmitter: 

E — RI ~ ^0 X. ‘064 = 3‘2 volts. 

(2) The power loss in the relay coils is given by 

IT = Rr= 

= 400 X (•064)= = 1-62 watts. 

Example 4, Two lamps are lighted in parallel from a 
240 volt circuit. One is a 30 and the other a 60 watt lamp. 
Find the total resistance of the two lamps in parallel. 

Method. 

. Find the current in each lamp, and as they are in parallel, 
add the currents together. 

Watts = '\^olts X Amps. 

30 = 240 X J'l 
ix = '125 amps. 

Again ’60 = 240 X *2 
J2 = '25 amps. 

*1 + U = '375 amps. 

• JT 

Now R is given by J? = — so 

R ~ £12 _ g .Q ohms. 

■375 
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Tlicre is another way to do this problem and it brings in 
the formula for resistances in parallel. 

First find the resistance of each lamp and then combine 
the two. 

Current for ist lamp = ‘125 amp. 

Resistance = = 1020 ohms. 

•125 '' 

Current for 2nd lamp = *25 amp. 

Resistance = = 060 ohms. 

• -25 

Now use the formula for parallel working. 

-I, = „ u. 

Rj. 1920 ' 960 
Here means the total resistance 
I _ 3 
Rj. 1920 

Now turn this upside down: 

Rj, = = 640 ohms. 

Now apply Ohm’s Law to find the current and we have 
r 240 3 

^ “ 5^ = 8 

The two ways of doing this problem are given because each 
throws light on the other. 

Finding the two currents and adding these together is the 
simple way, but when the formula is used, that is what we 
arc really doing, but we are keeping it in the background. 

'y tells the current in the first lamp for 1 volt. 

Ri 

^ tells the other current for i volt. The formula 

d\ Q 

XXX 

= p- + p is therefore obvious for it merely says the 

xVj xVg 

two currents can be added together. 
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Here is another problem which will yield to careful thought 
if you have understood what has been said about Ohm’s Law. 
Can you do it ? A twelve-volt battery is connected to three 
resistances as shown. Find the current in each resistance. 
(See Fig 13). 


2uj 


3(u 

r<-AAA/WWVW--i 


9 — ^-^A/WWW\AAAr 




12V 


Fig. 13. — Battery vtth Resistances in Series and in Paraleel. 


It is very useful, also, to be able to understand voltmeters 
and ammeters and make them measure smaller or larger 
currents at ^vill. The foUowing calculations will help you to 
do this. 
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For instance, suppose the meter alone indicated 1 scale 
division for 'ooi amp. 

Now if it had an external resistance leak of 1000 ohms, it 
would read 1 volt per scale division because i volt sends i 
milliamp. through 1000 ohms by Ohm’s Law. This neglects 
the actual resistance of the meter. 

Generally the coil of the meter has some resistance and this 
must be subtracted from the 1000 to give the actual leak value, 
so that both together form the thousand or whatever is wanted. 

Example 5. A meter with a 100-ohm coll moves four 
scale divisions for 1 milliamp. Find the external resist- 
ance which must be used to make the meter read 2 volts 
per division. 

Four divisions per milliamp. means 

One division „ ‘25 milliamp. 

As we want 2 volts per division, it follows that 2 volts must 
cause '25 milliamp. to flow.’ 

E 2 

R= —= = 8000 ohms. 

I -00025 

The coil of the instrument has 100 ohms so the external 
resistance must be Sooo — 100 = 7900 ohms. 

Ammeters. 

With an ammeter on the other hand, it is usual to place a 



Fig. 16.— Amjieter shunted with low resistance. 

low resistance shunt across the coil so that only a small 
fraction of the current flows through the meter. 
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Suppose the meter has 9 ohms resistance and it is shunted 
I ohm thus. (See Fig. 16), 

The current in the shunt will be nine times as great as the 
current in the meter. Thus one-tenth of the total current 
v,ill flow through the meter. 

Example 6, A meter with a 500 a) coil reads up to 6 mil- 
liamps. full scale, and it is required to make it read 6 amps, 
full scale ; find how big the external shunt should he. 

A cmrent of 6 amps, is a thousand times larger than one of 
6 milliaraps., therefore the total current in the meter and shunt 
must be a thousand times the current in the meter alone. 
This means the shunt current must be 999 times the meter 

current, i.e. the shunt resistance must be of the meter 

999 

resistance. 

Shunt resistance then = = '5005 ohms. 

999 

This foUov.'s fronf the fact that the actual working of the 
instrument itself is unaffected by any external apparatus, i.e. 
let I milliamp. flow through its coil and it will always have 
the same deflection whatever shunts may be in use. 

Measurement of Resistance. 

A good method of measuring a resistance is to apply a 
battery to the resistance and measure the resulting pressure 
E and the current I. The circuit for doing this is shown in 
Fig- 15- 

£ 

The value of i? is given by 2 ? = j 

The ammeter shoidd have very low resistance so that there 
is no loss of pressme or fall in voltage in drawing the current 
through it. The voltmeter should have xtry high resistance 
in order not to pass a current w-hich may be more than is 
carried by the resistance under test. Most instruments are 
not accurate, nor are they made so that these tivo important 
points are allowed for. A better way of measuring is to use 
a method invented by Sir Charles Wflieatstone. 
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Wheatstone’s Bridge. 

When the first Atlantic Cable was laid, considerable trouble 
was experienced. Faults developed, and it became necessary 
to raise the faulty portion of the cable to the surface for 
repairs. It will be realised that the task of raising the whole 
cable borders on the impossible, and it became necessary to 
have a convenient method of locating faults. 

A resistance measurement is generally sufficient, for the 
cable makers know the resistance per mile of the cable and 
the sea conducts electricity very well, so that the problem 
reduces to a division sum. 

Let the resistance of the cable be 2 ohms per mUe, and let 
'the measured resistance from the end to the fault be 2000 
'ohms. (See Fig. 17). 

But where did the fault lay ? It might be anywhere between 
England and America. 



FkJ. 17. — A Submarine Cable with a Fault. 

The distance of the fault from the end at which the measure- 
ment is made will be 
2000 

= 1000 miles. 

2 

The Wheatstone Bridge consists of; (i) Three Resistances; 
(ii) Two Keys; (iii) A Galvanometer; (iv) A Battery. 

These are arranged as in Fig. 18. 

The beauty of this circuit is that the measurement does 
not depend on the accuracy of the galvanometer which 
should, however, be sensitive. The three resistances “a,” 
"b” and "R” must be accurately known and must be ad- 
justable. Measurement is made by adjusting "R” and if 
necessary "a” and “6” too, until ’the galvanometer reads 
zero, 'i^en it does so, there is a simple relation by which 
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A 


B 

Fig. iS. — The Wbeatstoi.'e Beidgb. 

ViTien balanced by varying R until tbe Gab.-anon:eter remains 
stationary, the value of any unkncram resistance is found from the 
relation a -.b %■. x z R. 

the Tinfcnotvn resistance X raay be calculated from the ioiovrn 
values "ar “b” and “R.” 

This relation is X = 

0 

The proof of this is as follows. The full battert* voltage V 
is applied between A and C. This pressure is used in sendin 
a ourent along ADC and in sending a current i, alon 
ABC. 

By Ohm’s Law the pressure bettveen A and D, i.e. the pres- 
sure across resistance “a" will be ijU. 

Similarly the pressure across X will be i^X. 

If the pressure drop along “a" is equal to the pressure 
drop along X, the points D and B will be at the same pressure 



bo bo 
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or "potential” and there rrill be no isndercy arj CiiTnit 
to flow through the gaJtanoneter in direr dii^tr.n. 

It is necessarj’, then, t'hen the bridze is tdl-vccu to 
make G read zero, 

- ai'x = AVj 

Further, if the pressure across "X” is equal to .Hn <i 
"n,” the remainder of the batten" pressure an^os' luil 
be equal to that across 1 ?. 

Therefore n e have; 

a; j = !&’. 

Now take these equations and divide the first by tia" 1 1 '-t. 
This gie es, in accoraance inch (he rales of a/gchr.i 

n/, _ jj', 

F, “/h, 

The I, and /. cancel leaving 
b~R 

Multip!}ing both sides by R gives 



Example 7. In a 'Wheatstone "Brldfee test the ratio 
arms axe 100 w and IQOOoi xcspectitelv. 143 lor 

balance. 'Sind the resistance ol the apparatus under 
test. 

too , 

X = 143 X = 14' S olhns. 

Construction of Bridges. 

There are two main types of variable resistance for 
use in bridges, one is the dial type and the other tht 
plug type. 

Dial Type Resistance. 

In the variable resistance arm, "i?” of the bridge, 
may be four dials; thousands, hundreds, tens and i 
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200 



1 ne sketch shOT/s the "hundreds” dial consisting of ten equal 
resistances of a hundred ohms each. (See Fig. 19). 


Plug Type Resistance. 

This resistance consists of a heasy brass or copper bar 
slotted at intervals as in Fig. 20. 

TYhen the plug is inserted, the particular coil is short 
circuited, but vtben the plug is '.vithdravm, current has to 



Fig, 20, — Tlco ±~xTz Va21abx, 3 RasxsxAScs. 


flo-.r through the coil, vrhich is therefore in circuit. For 
convenience, the tvo ratio arms a and i/ together v.ith the 
variable resistance i?, axe usiiall3’ made up in one instrument 
as shov.-n in Fig. 2r. 
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Fig. 21. — ^Box Fatterx Wheatstone Bridge. 

Commonly called the Post Of&ce Box. 

Fig. 21 shows the layout of this bo.y pattern ^^^2eatstone 
Bridge. The main brass sections are divided into segments 
and accurate resistance spools are wound and terminated on 
them, connection being made by' soldered joints. The diagram 
shows the circuit clearly'. The coils, which are woimd in a 
special manner are either short-circuited or brought into 
circuit by' manipulating the brass plugs. 

The dial ty'pe of resistance is much better as it is far less 
trouble to use, and there is no virtue in making anything 
difficult to use. 
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MORE ABOUT RESISTANCE 

Calculations on tlie Resistances of Conductors. 

H itherto we have solved problems invohdng resist- 
ances, but liave given no account of tlie metliod of 
determining how the resistance of anj!- conductor ma}'^ be 
found. The resistance of a conductor depends on two things, 
first on the nature of the material of which it is made, and 
secondlj' on its fonn, or shape. 

If we take then a certain shape as standard we shall have a 
standard or Specific Resistance for ever}' material. The usual 
standard is. either a centimetre or an inch cube. The specific 
resistance is the resistance between two opposite faces of 
the cube. 

Measured in this way, a cube of copper i cm. each way 
lias a resistance of i‘594 x lo*' ohms. The following table 
gives the results of similar measurements on other materials. 
The resulting value is usually denoted by the Greek letter p. 
(Pronoimced roc.) 

It will be seen that silver is the best conductor. Since 
it is fairly cheap, electric wires are, for most purposes, made of 
copper, \\iiere the weight, but not tlie bulk, of the material 
is important, as in overhead conductors, aluminium is fre- 
quently used. The cable may consist of several strands of 
aluminium twisted round a core of stranded steel, the latter 
giving strength to withstand wind, snow', etc. 

Such a conductor is manufactured by tlie British Insulated 
Cable Co., at Prescot, for overhead use in England, in con- 
nection with the "Grid Scheme” of electric power distribu- 
tion. ' 

The problem of the electrical enguieer is to determine the 
resistance of a wire or other conductor wiien the dimensions 
and specific resistance are given. 
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First consider two cubes end to end, as in Fig. 22. 

'fl'.e measurement between A and B will be the measure- 
ment of two rcsistrmces in series which is 2p. Siinilarl}- with 
3 in series it uill be 3p. Consequently a rod / indies long 
will bo Ip ohms resistance if its cross section is i sq. cm. 

What is the effect of altering the cross sectional area? 
If two rods of lengtli cms. are placed in parallel, the 
resistance Mill be halted, i.e. I pi. Consequently the resist-' 

TABLE OF SPECIFIC RESISTAKCES. 


( 

JI.ATERi.AL. ' Ohms per , Ohms per i cm. | 

I in. cube. . cube. ; 


Silver . . . .j 

; -56 X 10- ‘ ^ 

' 1-5 X 10-® 

Copper . . . J 

•626 

1 

1 1*59 

Aluminium . . .j 

1 1*065 

! 2705 ■ 

) 

Iron . . . . 

; 

! io '57 

Cast Steel , . . . 

( 7 '^7 

! 20 

Cast Iron . . . 

1 39 '35 

’ 100 

Eureka (6o % Copper) 

(.to % Nickel) . 

J 

! 19-29 
> 

, 49 

German Silver ... 

(4 % Copper) 

(2 'Ip Nickel) 

(t % Zinc) 

I S-6S 

22 

i 


ai’.ce of a wire is therefore smaller, the larger the cross 
sectional area, and we have as the complete formula: 
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This is summed up by sa}'ing that the resistance of a con-, 
ductor is directly proportional to its length and inversely 
proportional to its cross section. The actual form of the cross 
section has nothing to do ^vith the matter; it is immaterial 
whether the shape be round, square, oval, or an}' other outline. 

Example 8. Find the resistance of 1 mile of wire J inch 
in diameter, as used for the overhead conductors on 
tramway systems. 

First find p per inch cube. The table of specific resistances 
tells us that it is "626 microhms from table. 

The Area of a we 1 in. diam. is 

= '049 sq. in. 

There are 1760 yards in a mile, so 
I = 1760 X 36 ins. 
a — -049 sq. ins. 
p — '626 X 10"' ohms. 

_ '026 X 1760 X 36 _ 

~ 10® X ’049 '' 

= -809 ohms. 
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If therefore a tramcar takes 50 amperes there will be a loss 
of 40‘45 volts if the car is a mile away from the substation. 

Internal Resistance. 

It has been found that every battery offers some resistance 
to the passage of an electric current, although it may be 
generating that current. This is called internal resistance to 
distinguish it from the resistance of the external circuit. 

When the battery is giving out a current, power is wasted 
in overcoming this internal resistance for some proportion of 
the battery’s electro motive force is used up in driving the 
current through the battery itself. This means ihat the 
battery voltage will be rather less, when a current is being 
taken, than when the battery is on open circuit. , 

Example 9. Take a simple example; — battery with 
an open circuit e.m.f. of 2 volts has an internal resistance 
of I ohm. (See Fig. 23.) What is the voltage given by the 
battery, .the current flowing, and the power wasted in the 
internal resistance, when the battery is connected to an 
external resistance of 4 ohms? 


i =‘4 AMP 



Fig 23 — Finding the Internal Resistance in the Battery. 


Adding together the resistances 4 and i we have 


/== 


2 

5 


•4 ampere. 


This is the current flowing through the battery, and through 
the external resistance. The voltage of the battery is divided 
into two parts, one part to send the current through the 
internal resistance and the remainder to send the current 
through the external resistance. 

' The voltage across the external dw resistance is 4 x ’4 = 
1'6 volts. 
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The voltage used in the cell is 2 — i'6 = ’4 volts. 

The power used externally is i'6 X '4 — "64 watts and 
that used internally is "4 X *4 = '16. 

If now we define the efficiency of the cell as 

total power 

the efficiency in this case is ‘64 = "8 or 80 per cent. 

The power going out from a cell is dependent on the external 
resistance as well as on the internal resistance and the open 
circuit voltage. If the cell be short circuited no power is 
used outside, though power is wasted within. Nor is any 
power used either outside or inside when the cell is open 
circuited. 

Is it possible to find a resistance which shall draw the 
maximum power out of the cell? The only thing to do is 
to plot a graph of power against External Resistance. 

Putting in tabular form we have: 


R 

i 7 

1 

H' 

i 

i I ’33 

•888 

1 

1 1*00 

I ‘00 

■rX. 

-*■2 

j '800 

.960 

2 

1 -667 

•888 

3 

j '500 

•750 


This gives a graph of the form shown below in Fig. 24. 



Fig. 24. — The Power Delivered by a Battery. 
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It is important to note that the maximum power output 
is obtained when the External Resistance is made equal to 
the Internal Resistance of the battery. Tliis comes into the 
theor}^ of the design of transformers for ^nreless sets and the 
thermionic repeaters (amplifiers) which are now being used 
on long distance telephone lines. 

More Problems on Ohm’s Law. 

(1) 0 n& lamp lakes S'2 amps at y'l volts and another 6'9 
amps, at S volts. TF/;i'c/j is the more powerful? 

(2) .4 train operating on a 600-voU line, takes 2000 amperes. 
Find the horse power. {One H.P. = 7^6 waits). 

(3) A tram working on a 600-voU circuit takes lOO amps. 
Find the horse power. 

{4) A 60 wait lamp works on a 400-voli circuit. Find its 
resistance. 

(5) Find the current required by a 400-volt crane motor to 
raise a load of 1000 lbs. at 100 feel per minute. 

(6) Current is supplied over a cable of i an ohm resistance to 
light a town which takes 20 amps. The dynamo voltage is 400. 
Find the horse power required to drive the dynamo, the resistance 
of the lamps and the voltage lost on the cable. 

{7) Draw a diagram of a Wheatstone Bridge [P.O. type) 
showing the cojincctions. 

{8) A 2-volt cell has an internal resistance of i ohm. Draw 
a graph showing the relation between the value in ohms of a 
resistance connected to the battery, and the power wasted in this 
resistance. 

(9) Ati ammeter with a gooca coil reads up to 6 milliamps. 
Find the resistance of a shunt to make it read up to 6 amps. 

(ro) A cell with an e.m.f. of 4 volts has an internal resistance 
of '1 ohm. ’■ 

An external resistance is connected to it. 

Draw a graph showing the eff.ciency of the circuit for various 
values of this resistance. 

The student is advised to make up problems for himself. 
That is the ro}^! road to a good understanding. 
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ELECTRO-MAGNETIC INDUCTION. 

I T was a great moment in the history of science when Hans 
Christian Oersted, of Denmark, discovered that a wire 
carrying an electric current could deflect a magnetic needle. 
A simple discovery, and yet it meant that a connection be- 
tween electricity and magnetism had been found. An 
electric current produces a magnetic flux and this is a link 
between the "electrical” world and the "magnetic” world. 
To-day we have to deal with a second "link” which is more 
remarkable than the first. 

WHENEVER A MAGNETIC FLUX CHANGES. IT 
GENERATES AN ELECTRIC VOLTAGE IN PATHS 
SURROUNDING THE FLUX. 

The simplest way of proving this is to take a coil and con- 
nect it to a galvanometer then thrust a bar magnet into the 
coil, as in Fig. 25. 

As the magnet is introduced into the coil, the galvanometer 
needle indicates that a current is being generated in the coil, 

(i) When the magnet is stationary there is no deflection. 

(2) When the magnet is pulled out, the deflection is in the 
opposite direction to when it is being pushed in. 

(3) To push in the "South” pole produces ah opposite 
deflection to that produced by pushing in a North pole. 

The flux in this experiment is provided by the bar magnet 
but it is rmnecessary to use a permanent magnet. A separate 
coil of wire and a battery will do. In this case two coils are 
taken so situated that when a current is sent round the 
primary coil P, the flux produced cuts through the secondary 
coil S. The galvanometer needle wfll flicker whenever the 
key is opened or closed, but will come to rest when the key 
is left at rest in either position. 
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Fig. 26. — Current Induced bv One Coil in Another. 


Summary. , . 

What has gone before in these few pages sums up a great 
deal of labour and research on the part of many people. 

Electricity is in small, very small bits or eUctmis. When 
these move we have electric current. 

A battery or dynamo is a kind of pump to cause a flow of 
current. 

Current we measure in Amperes, but the pressure causing 
the current we call Voltage, measured in Volts. 

Current flows in a circuit though electrons may crowd 
together somewhat if their flow is caused by a break in the 
path. Metals conduct the current well. We say they have a 
“low resistance”. Resistance is measured in Ohms. When 
we know the voltage of the battery or dynamo and the 



42 INTRODUCTION TO ELECTRICITY AND RADIO ' 

resistance of the circuit, it is easy to calculate the current. 
It is a simple division sum. 

This rule, called Ohm’s Law is exceedingly important. 
Few substances disobey it. Use it on every part of a circuit 
and on the whole circuit. One then gets useful rules like 
adding resistances in series and the other rule for resistances in 
parallel. 

Power is measured in watts, being voltage times current in 
amperes. . The next thing of importance is that a current in 
a wire or anywhere causes a magnetic flux. If the flux flows 
in air — the flux is proportional to the current. 

Last of all comes Faraday’s electro-magnetic induction. 

A changing magnetic flux in any loop or coil of wire causes 
a voltage to be induced in the loop or coil. This is the prin- 
ciple of the d5mamo and transformer. 

The condenser is a study in itself. It consists of conductors 
separated by an insulator. Electron currents flow to and from 
the plates during charge and discharge. An ether displace- 
ment current flows in the insulation too. This has power to 
cause magnetic effects no less than current in a wire, the 
ordinary electron current. 

In a circuit containing a condenser for example the electron 
current in the conductors and the “ Maxwell ” current in the 
insulator form a circuit so current always flows in circuits. 
This is a key to radio work. 

Faraday discovered electro-magnetic induction, which is 
the principle' of the modern transformer, and also made 
momentous experiments on charged bodies, which led to the 
invention of "condensers” as we now call them. These are 
metal sheets interleaved with an insulator. The two plates or 
sets of plates may be charged like a battery, but hold a very 
.small amount of electricity. Faraday’s magnetic and electric 
experiments are the foundation of modern circuit theory. 

Alternating Current. 

There is one way in which the secondary may light a lamp 
continuously and that is to feed an alternating current into 
the primary winding. An alternating current is one which 
reverses its direction in the circuit periodically. Thus the 
alternating current from the Liverpool Corporation Supply 
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starts from zero, grows to a maximum, falls gently to zero, 
changes direction, gains strength and then falls to zero, to 
repeat this complete cycle again every fiftieth of a second. 

A time graph of an alternating current is shown in the 
following figure : 



Fig. 27. — Curve of an Alternating Current. 


Under these circumstances, the flux in a transformer will 
be varying from moment to moment and an alternating 
pressure will be generated in the secondary coil, causing a 
current to flow therein, so that a lamp may be lighted if 
connected. 

It should be noticed that it is the flux change that matters 
and for purposes of calculation it is well to remember that 
a change of flux of 100,000,000 lines per second produces 
a volt in every turn of wire through which the changing 
flux passes. 

It is this dual connection between electricity and magnetism 
which makes the phenomena so interesting. 

Why a current produces a flux or why a changing flu.x 
produces a voltage we do not know. This is the real wonder at 
the back of aU electrical invention, and it is well to remember 
that if it were not so, no amount of research work or human 
skill would be of any avail. The outstanding wonder of the 
world we live in, is not that inventions have been made, but 
that the universe has these fundamental properties which 
we do not know anything about, but which make us able to 
build our transformers, our telephones and wireless sets, and 
then see them work. 
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The Induction Coil. 

In order to obtain high voltages for experimental ivork, 
the principle of electro-magnetic induction is used in the 
construction of special "Induction Coils”. Such a coil is 
constructed as follows; 

There is a primary winding surrounding a core of soft iron 
wires, and outside this a secondary winding consisting of a 
large number of turns. 

The primary v/inding is connected through an interrupter 
to a battery thus producing an intermittent flux in the core. 
The changing flux in turn produces the voltage in the secondary 
coil. The changing flux induces a voltage in each turn of the 
secondary, and therefore the larger the number of secondarj’’ 
turns, the greater the total induced voltage. 

Any form of contact breaker will do, and the most con- 
venient is the electric bell type shown in the sectional drawing 
(Fig. 28). 

The sequence of operations is as foUow’s : 

llie batterj" sends a current round the primary, mag- 
netising the iron wires in the core. 

This current flows through the contacts P, Pi which are 
short circuiting the condenser. This therefore plays no part 
as yet. 
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Tiic current in the coil at first rises rapidly and then more 
slowly until the contact breaker is opened by the increasing 
magnetic ilux in the core. 

Why docs the current take time to rise? \Wiy do we not 

JT 

have I ~ the moment the batter}' is connected ? The reason 

is that the rising flux generates a voltage in the primary as 
well as in the secondary. This induced primar}' E.JI.F. 
opposes the batter}', and therefore limits the rate of rise of 
flux. 

As a matter of fact the flux rises so slowly, that the induced 
secondary voltage is at this stage insufficient to perform 
experiments. 

As already stated, the flux rises until the magnetic pull 
opens the contact breaker. The moment the contact points 
separate, the current in the primary winding is diverted into 
the condenser. As the condenser becomes charged, the 
charge current falls in volume. The falling current can only 
produce a falling flux. This induces the working pressure 
in the secondary. 

There is a pressure induced in the primary coil, and this 
helps to send a bigger current into the condenser, which there- 
fore charges it up to a higher voltage. 

^^’hen the primary current has died down to zero the con- 
denser is fully charged and has a high pressure on its terminals. 

It therefore now sends a reverse current round the primary 
coil, and this wipes out the last traces of magnetism in the 
core. It may be asked why a condenser is used at all? 
Would not the break in the current be more sudden if the 
condenser were omitted? Curiously enough, the answer to 
this question is “Eo''. If an attempt be made to stop the 
current suddenly by opening the contact breaker, without a 
condenser, the voltage induced in the primary winding alone 
is sufficient to strike an arc across the points, and as this arc 
takes some time to die out, the decay is actually slower than 
when a condenser is used. 

The only other point calling for mention is the use of iron 
wires for the core. The reason for this is that a flux can 
decay nnicli more quickly in a core of iron wires than in a 
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solid core, a phenomenon -which is due to the production of 
eddy currents in the iron itself. 

Suppose the follotting- diagram to represent the cross 
section of a solid circular iron core, canying a changing fins:. 



Fig. 29. — Eddy Cusasiris. 


Consider any circle such as ABC. The changing Su2 
v.ithin generates a voltage in the circle, for the circle certainly 
stnroimds the space lying inside it. The circle is a path in 
the iron, and iron conducts electric currents as well as magnetic 
fluxes. ' 

All these “eddy" currents oppose the Snx change, and 
therefore lessen the eSdencj- of the coil. To break the core 
up into a number of parts all electrically insulated from each 
other, decreases this effect. 

It is for the same reason that the cores of alternating 
current transformers are made of sheet metal and the core 
of the induction coil in a subscriber's telephone set is made 
of iron wires. 

As a matter of interest it maj' be stated that even' tele- 
phone relay waits, after the current is srritched off, before 
commencing to release, due to the presence of eddy currents 
in the core. A relay vrith a copper slug u-ill have heavy eddy 
currents induced in the slug while the flux is decaj-ing and, for 
this reason, such a relay is slow to release. The impulse (A) 
relay in the Auto Telephone S5-stem when entirely disconnected 
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from !:);>* ter}’ will wait for 7 milliseconds due to eddy currents 
in the iron, while the "B" relay fitted \%ith a copper slug 
in. long will take perhaps 300 milliseconds to release. 

It will be well to graph the jirimaiy current, and the sccond- 
arj" voltage in a working induction coil. 



M sictrnES tke moment of "make* of the: contacts 
.B « ... -BREAl^ • • 

Tic. 30 —Conruavr Arm Voltage i:; a:; Is-ductio.v Coil. 


Transient Currents. 

TJic induction coil offers an eaxellent opportunity to study 
transient currents. One of the simplest transients is the rise 
of current in the primary when the contact breaker closes. 
A flux projiortional to the current, rises as the current rises. 
Tills rising flux generates a back e.m.f. in the coil proportional 
not to the fliux but proportional to its rate of increase. 
Some of the batter}’ voltage is spent in overcoming this back 
e.m.f., the rest in driving the current of size I at that moment 
say, through the coil resistance R according to Ohm's Law 
B — Rl. \Mien I is small so is Rl and there is plenty of 
voltage left to overcome back e.m.f. so the rate of flux and 
current rise is rapid at first. 

Th” induction coil is a fine illustration of the principles of 
induced voltage and current. 
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EXPERIMENTS ON “ SPACE ” 

T he induction coil can, then, be used to produce surges 
or impulses at high voltage. The coil used in the 
following experiments developed about 30,000 volts. This 
pressure lasts however for such a very short time that little’ 
energy is given out. If the terminals of the coil are examined 
in a dark room it will be found that they glow with a faint 
bluish light. This effect is due to a discharge of electricity 
into the air. 

■When two wires connected to the terminals are brought 
near to each other, a stream of sparks passes between the 
wires, one spark at each interruption of the primary current. 
The sparks indicate that the air in the space is being broken 
down. In the same way, the spark will penetrate a piece 
of, cardboard, leaving a hole. When the wires are separated 
too far for a spark to pass, it is natural to ask whether the 
vyorkihg of the coil can have any influence on the space 
surrounding the wires. This can only be settled by 
experiment. 

Connect the coil to two plates placed parallel to each other 
and say two feet apart. When the coil is working, the plates 
are charged at each “break” and discharged in between the 
“breaks”. 

Can a lamp be lighted in the space between the plates? 

A neon lamp such as is used for a "night light” will, if 
fitted with small plates, as shown, actually glow when placed in 
the space between the plates. It is difficult to over-emphasise 
the importance of this experiment, for though a wire carrying 
a current is surrounded by a magnetic field, this lamp does not 
glow by magnetism. It glows because something has hap- 
pened to the space in between the charged plates. Exactly 
what has happened, we do not know. 
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Prof. James Clerk Maxwell, a brilliant Scotch mathemati- 
cian, the first Director of the Cavendish Laboratory at Cam- 
bridge University, whose life and work made a great impression 
on all who came to Imow him, suggested that there was a dis- 



Fig. 31. — Lamp Lighted by Space Currents. 


placement of "ether” between the plates when charged. 
When we charge a condenser we believe electrons to crowd 
on to one plate and drain away from the other. One would 
say that the electric charge and discharge currents finished 
at the plates, but JIaxwell saw that though the flow of elec- 
trons stopped at the surfaces of the plates, there was what he 
called a displacement of ether between them. Is a displace- 
ment of ether entitled them to be called an electric current? 
The great test for an electric current is whether or not, there 
is an accompanying magnetic field. 

The ether displacement does produce a magnetic field and 
here we have the mechanism of a wireless wave revealed. 

JIa.xwell foretold wdreless waves long before anyone knew 
how to produce them, and though few people could grasp the 
meaning of his work, some attempting ridicule — he still 
continued writing unth an air of quiet confidence; He sug- 
gested that ordinary light was a wave in the "ether” and 
gave the equations for determining its velocity of 'trav^el. 
He went on to show that any other ether wave ■would travel 
at the same high speed, viz., iS6,ooo miles per second. 

Once admit that the ether can be "displaced” whatever 
' that may mean, and that this displacement really is an electric 
cuiTcnt, then it becomes possible to see how a wireless wave 
travels. The displacement "current” must like all currents, 
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produce a magnetic force. If the ether can carry a magnetic 
flux, such a flux must be produced by this magnetic force. 

As the wave moves, this flux measured at any place, will 
change and we know that changing magnetic fluxes produce 
voltages. The voltage in turn "charges” or displaces the 
ether and now we are back to where we started- ddiere is 
a four-linked chain. As 
the chain is complete 
the wave is self support- 
ing, which proves the 
possilnlity of the ex- 
istence of such a wave. 

But what is the ether? 

Once again we do not 
know. We believe it 
stretches throughout all 
space. It must stretch 
out beyond the earth's at- 
mosphere to the furthest 
star in order to carry the 
waves of light to our eyes. 

If we stand on the 
shore we see waves 
coming towards us- The 
waves would not be there but for the water. If we stand 
by a field of ripening com in late summer and watch the 
breezes make the com sway backwards and forwards, wc 
say that the com is waving in the breeze. 

Once again, there could be no wave without the com, and 
if light is a wave there must be something to do the “waving". 
This something has been called "ether” for want of a better 
name. Wc believe the ether even penetrates substances; 
for othenvise how could a ray of light pass through glass? 

If two plates, separated by an insulator arc connected to 
a battery and the battery then disconnected, the plates will 
themselves behave like a battery and send a current round a 
circuit when connected together by a wire. The current soon 
ceases, however, and though the plates act like an "accu- 
mulator” the cliargc is so small as to be useless for most 
purposes. Such an arrangement is called a condenser and a 
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condenser will fill to any fulness depending on the voltage 
used to charge it. 

li q = the quantity of electricity in coulombs in the con- 
denser and C its capacity, the voltage in the terminals while 
it has the charge q will be given by the equation 

= FC or 7 = - 

g . 

Capacities are measured in “Farads” named after Faraday, 
and a i farad condenser holding i coulomb would be charged 
to I volt. As the farad is a large size of condenser it is cus- 
tomary to use one millionth or a micro-farad as the commercial 
unit. 

A 2 m.f. condenser charged to 6 volts would hold 

H.0 

— -000012 coulombs. w ^ 

If a current of -jy ampere were taken from the condenser, 
the charge would last only o-ooooia -v- o-i = -00012 second, 
or about one ten thousandth of a second. 

The capacity of a condenser is greater the closer the plates 
and it varies according to the material placed between. 

Some substances give a larger capacity than others. A 
condenser may be likened to a spring, for in a spring the 
Amount of Displacement = Force X Flexibility and in a_ 
condenser Quantity = Pressure x Capacity. 

The larger the capacity the weaker the equivalent spring. 
And just as a spring can be strained by too great a force so 
also may a condenser be broken down by too high a voltage 
puncturing the insulator. 

In practice condensers may be large consisting of many 
square feet of tinfoil and paper, or may be quite small. Some 
are variable. These usually consist of metal plates strong 
enough not to bend, and sliding into a fixed set of plates, 
the two sets being interleaved but not touching, when all 
"in,” i.e. the position of full capacity. 

. The variable condenser is much used iurfttSI^Theceivers for 
“tuning in”. 
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GENERATION OF CURRENTS 

I T has been said that a vnre cutting a magnetic field has 
induced in it a voltage depending on the rate at v/hlch 
the field is cut. This principle is used in constructing dynamos. 


Example 10. A loop of wire spins round at 3,000 r.p.m. 
in a field in vrhich 16,000,000 lines of flnx thread the coil 
■when its axis is parallel to the direction of the flux. VTiat 
will be the average and the maximnm voltage induced in 
the loop ? 


The follcming sketch e?diibits the essentials. The magnets 
provide the field and are called field magnets. The revolving 
vires are usuaHj' mounted on a piece of iron called an armature. 



The loop of v.ire tvdsts through half a revolution m 



3000 X 2 100 


During this time each v.ire cuts ri^t through the Su.^, 
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The rate o£ cutting is then 

, . I 

16,000,000 -1 

100 

= 16 X 10® lines per second. 

We know however that a cutting rate of 10® lines per second 
induces a pressure of i volt so we have 16 volts in each wire. 
There are two wires so the average of the two is twice this. 
The result is therefore 32 volts. 

What is the maximum voltage? It will not be correct to 
double the average value of 32 because the flux may not grow 
uniformly from a zero to a maximum. We must find the 
actual rate of cutting when the coil is in the horizontal plane. 
We know no dimensions for the circle in which the wire moves . 
Let it have a radius "r” feet. 

We have 3000 r.p.m. or 50 r.p.s. The distance per revolu- 
tion is 2nT. This makes the actual tangential speed v = 
loon-r feet per second. Incidentally if r is only a foot, v 
is about 240 miles per hour. 

If the radius is r, the diameter is 2r and in this space a 
flux of 16,000,000 lines is contained. 

16 X 10^ ^ 

Consequently the lines contained in a foot are 


and with a speed v feet per second the lines cut per second will 

, 16 X 10®. V. 

be 

21 - 

A XI • 1 16 X loV o . 

As V — lOOTrr this becomes = 8 X io^tt 

2 


Now 10® lines per second gives a current with a pressure of 
I volt, so we have Srr volts in each vdre, i.e. 1677 or 50 volts 
in the two wires. 


It will be of interest to know how the voltage in an armature 
•wire varies from moment to moment. It cannot increase 


from nothing to a maximum uniformly or the maximum (50) 
would have been double the average which w'as (32). 

Imagine the vire to travel at one foot per second tan- 
gential velocit}^, thus 

^'elocities can be analysed and compounded as vectors. 
We can therefore analyse this velocity vector into two, viz., 
a horizontal, and a vertical one. 
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V= 1 FOOT PER SECOND 

Fig, 34. — The Directiok of Motion of a Wire on an Aiuiatore. 

If the actual velocity is unity, the Horizontal Component 
is Cos 0 while the Vertical Component is Sin 6. 

It is a cutting of the lines which generates the voltage, not 
a sliding motion. The vertical component Sin 9 is therefore 
aU important. 

If will be seen that 6, the angle between the actual velocity 



vector and the horizontal is the same as the angle AOP 
through which the coil has turned since leaving the vertical 
position. 

The actual voltage developed will of course depend on the 
density of flux, and for simplicity let it be assumed that we 
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have 10® lines per foot. If then the rate of cutting is i foot 
per second there will be i volt generated. In the above 
example, the rate of cutting is sin 6 . 

This then is the voltage at any point, i.e. F” = sin 0 . 

As the shaft moves round steadily, 6 grows smoothly, and 
the growth of V as time passes can thus be predicted from a 
knowledge of the growth of sin 9 . The direction of voltage 
in the wire will be opposite when the wire is travelling down- 
wards to what will obtain when the wire is travelling upwards. 

This is in accordance with what is known of "Sin 6 ” which 
is positive when 9 lies between o° and i8o° whUe it is negative 
when 9 lies between 180° and 360°. 

As the direction of the induced voltage changes periodic- 
ally, such voltages and currents are called "alternating". 

The shape of the graph y == sin ^ is well known and x may 
be measured in degrees or radians. Often the latter is more 
useful. , 

The following graph shows the relation, using radians: 



The whole time occupied in traversing the cycle, i.e. an angle 
of 2v is called a “period”. "Frequency” is the number of 
cycles per second. Commercial alternating currents usually 
have a frequency of 16 to 60 per second. Telephone fre- 
quencies range from 400 to 3000 cycles. Wireless waves have 
a frequency of from 100,000 to 100,000,000 cycles per second. 

Since the direct current dynamo and motor are so common 
their construction and working must be briefly described. 
We begin with the simplest to understand, namely the 
"Gramme ring”. 



CHAPTER IX 


DYNAMO CONSTRUCTION 
The Gramme Ring Armature. 

O NE of the earliest forms of armature was the gramme 
ring. Imagme a ring wound, in the manner showm in the 
followmg sketch, to be placed between the poles of a magnet. 



Fig. 37. — The Gramme Ring Armature. 


Bj' appl5nng the right hand rule it nail be found that as the 
ring turns in the direction shomi, voltages nail be induced 
in the direction indicated b)' the arrows. It will be seen tliat 

though tlie ai'mature bind- 
ing is a closed coil, there is 
no circulating current for the 
e.m.f s. induced in one half of 
the armature balance those in- 
g ^ g duced in the other half — ^thus : 

If now vires be taken from 
the points A and B, an ex- 
tern^ current will flow from A 
back to B. But hoAV to connect 
an external circuit to a 
56 
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moving armature? This is done by means of a deidce 
known as the commutator which consists of a number of 
copper bars insulated by strips of mica. 

The Commutator. 

The copper bars are shaped thus; 




Fig. 38. — Commutator. 

The commutator bars are connected to the armature coils 
at interv’als, and two brushes, one positive the other negative, 
press on the commutator at a point midway between the 
poles to make connection betw'een the armature and the 
external circuit. It will be seen that as each coil passes under 
a brush the current in that coil reverses direction. But the 
current in the external circuit is steady, apart from small 
fluctuations as each commutator bar passK under a 
brush.. 

In this armature, only a small portion of each turn is useful, 
the inner portion and sides of a turn contributing nothing 
to the result. The voltage may readily be calculated from 
the speed, flux and number of turns as follows: 

In a two-pole Grmnme ring type machine the flux is 500,000 
lines in each pole, and there are 16,000 conductors on the 
armature. Find the voltage generated at 3000 r.p.m. 

There are 16,000 conductors on the armature, that is, 
8,000 on each side, and each armature cuts the whole flux 

once per half revolution or every second. 

100 
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The voltage is then 

I 

500,000 -i 

100 volts per v.Tre 

10® 

= ‘5 Volts. 

The whole voltage is then 8000 X ‘5 
= 4000. 

These figures are approxinaatelj' correct for an old Gramme 
ring machine designed for operating arc lamps in series, in 
the early daj'S of electric lighting. In view of the low effi- 
ciency of this machine, a ne\v t3'pe of armature known as the 
Dru7n Amialure has been developed, p^ig. 39). 



The Drum Armature. 

This has slots for the wires, arranged in the manner shown 
iii the foUowing illustration. (Fig. 40), 

The wires are so arranged that this armature is equir'alent 
to the Gramme ring, but the whole turn, with the excepticm 
of the ends, is used for generation. 

As a tj-pical example of such a winding, take a case in which 
a two-pole djmamo has 12 slots. The wire is woimd backv.-ards 
and forwards along the slots gradually working round the 
drum. This can best be accomplished bj' having a “ Forward 
pitch” and a "Backward pitch". In the case of a rivelvc- 
slot armature, let the fonvard pitch pf = 7 and the backtvard 
pitch pb = 5. 

The wire is laid on the ist slot, brought back along i -r 7 
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Fig <(o — ^Armature Winding or Two-Pole DyNAMO 
WITH Twelve Slots, 

= 8th slot, then talvcn forward along the 8 — 5 = 3rd slot. 
The slot numbers in order are: 1, 8, 3, 10, 5, 12, 7, 2, 9, 4, ii, 6, 
then back to slot i, thus completing the circuit. The following 
sketch shows the arrangement. It nill be noticed that, as 
on the Gramme ring, the winding forms a closed coil. The 


^s SSSS^ 
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arrows indicate the direction of the current flow, and it will be 
noticed that the brushes are placed on commutator segments 
leading to coils mid-way between the poles. These wires 
have been marked with circles indicating that no voltage is 
being generated therein. 

It is a curious fact that the brushes themselves are opposite 
the poles, not between them, but this of course is merely due 
to the bending over of the armature conductors as they emerge 
from the slots. 

Number of Wires. 

It should clearly be understood that there may be any 
number of wires in one slot in order to generate a higher 
voltage. The limit is set by commutation problems for here, 
as in the Gramme ring, the current in a coil reverses during 
the brief interval taken for a commutator segment to pass 



Fig. 42. — ^Aumature Winding with more than one wire in a slot. 





d\"ka:io coxsTRCcxrox 6i 

tmder a brush. The method of winding \vith more than one 
wire in the slot is shown. (Fig. 42). 


The Flux Path. 

'iMien the armature is in position, the flux passes right 
through it as shown on the attached sketch of a "Two-Pole 
Machine’’. While a two-pole construction is quite common, 
it is often an adt'antage to use more than two poles. The 
poles are then made alternately Xorth and South, the flux 




Flo. 43 . — The Flux Vatbs jx Two xxd Four-Pole Machixes, 
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paths being shown on the sketch entitled “Four-Pole 
Machine”. Such an armature w’iil require a difierent ^rinding 
from a trvo-pole type. If there were i6 slots in all, the pole 
pitch %vould be four slots, the forrvard pitch ff could be 5 and 
the backward pitch pb could be 3. 

The winding would then be; i, 6, 3, 8, 5, 10, 7, 12, 9, 14, ii, 
16, 13, 2, 16, 4 and back to i. If this winding is laid out as 
follows, it will be found that there are four parallel paths 
through the winding, a separate voltage being induced in 
each path. While the currents in the foug paths add together, 
the voltages do not. As it was necessary to divide the con- 
ductors into two, in the twc-pole case, here it is necessary to 
divide by 4. 

At the same time, any one armature conductor cuts the 
flux four times per revolution. Thus it is sufficient in voltage 
calculations to consider the flux per pole and the total number 
of armature conductors. This applies merely to the particular 
arrangement of armature conductors which is known as 
Lap Winding. 



Voltage. 

The output rmltage depends on the flux per pole at the 
time of passing a pole, and the number of armature conductors 
in series comprising on path through the armature. 

The time of passing one pole may be found by dividing the 
time for one revolution by the number of poles “p"- 
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If the number of r.p.m. is 11, the time of a revolution is 

sec. and the time of cutting through the ^ lines of one 
u 


, . 60 
pole IS — 

7tp 

Thus the rate of cutting flux is 


np0 

'W 


making the c.m.f. per 


armature bar 


1tp0 

io®6o 


If there are "a" parallel paths through the armature, the 
number of conductors joined in series between the brushes 
^vilI be Z, the total number of conductors on the armature 


divided by "a". 


Thus the voltage generated is 


7lp<PZ 

io®a6o 


where n — r.p.m., p = number of poles, — Flux, Z = Num- 
ber of Armature Bars, and a — Number of Armature Paths in 
parallel. In a lap -winding a = p. 


Example 11, A 6-pole Lap Wound armature has 400 
armature bars, the flux per pole being 5 x 10 “ lines. What 
will be the terminal voltage at 1,500 r.p.m. ? 

Here n = 1500 

p = 6 

= 5 X 10“ 

Z = 400 
n = 6 

I = 1500 X 6 X 5 X 10“ X 400 
10“ X 6 X 60 
= 500 volts. 

There is another common type of winding knoivn as wave 
winding. Here the two pitches, though imequal, are both 
in a "forward” direction, and although there may be any 
number of poles, there are only two parallel paths through 
the armature. 

Excitation. 

We have not yet stated how the machine derives its current 
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for supplying the field magnets. There are four systems in 
use: ■ ■ 

(a) Separately excited. 

{b) Series Wound. 

(c) Shunt Wound. 

(d) Compound Wound. 


Separate Excitation. Tlie field current can be provided 
by a separate dynamo or battery, thus : 


Fig. 45. — Separately 
Excited Machine. 




Series Wound Machines. Here, the entire armature 
current passes round the field coils in order to provide the 
magnetic flux. This arrangement is very seldom used for 
dynamos but is popular for train motors. The field winding 
must have low resistance. 



Fig. 46. — Series 
Wound Machine. 


Shunt Wound Machines. Here a portion only of the 
main current is tapped off to provide the current for the 
field. The field winding must therefore be of high resistance. 


Fig. 47. — Shunt 
Wound Machine. 
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CoMPOiTXD ^You^^) I^Lvchixes. For reasons which will be 
given later, it is often desirable to combine both series and 
slnmt excitation. 


Fig, — Compound 

Wound Machine. 


\Xe have now indicated the underhing principles of the 
dxTiamo. but there are numerous points of great importance, 
attention to which is imperative for the design of a satis- 
factory- machine. For dynamo design, it is necessary to 
understand the relation between ampere-turns and flux in a 
magnetic circuit, but before doing this it will be well to outline 
tlie distinction between a dynamo and a motor, as a dynamo 
can be used as a motor and a motor as a dynamo. 

The Dynamo, 

tYhen the machine is working as a dynamo, the E.5I.F. 
generated by the motion of the armature pushes the current 
round the external circuit. This current causes a backward 
iorquc on the shaft which is overcome by the drirung engine. 
The dynamo is therefore atievipiivg to run in the reverse direction 
as a motor. 

The Motor. 

^^’hen the machine is working as a motor, the backward 
E.M.F. generated by^ the motion of the armature is overcome 
b}- the forward E.M.F. of the current supply. The current 
which is driven through the armature by the supply E.il.F. 
against the generated back E.M.F. produces the torque on 
the shaft. The motor is therefore attempting to act as a generator 
in an effort to send a current backwards round the supply 
circuit. 

The hlechanical Force in Dynamos and Motors. 

In a motor or dynamo the conductors carry an electric 
current and being in a magnetic field they e.xperience a 
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mechanical force. This mechanical force in a motor is the 
useful effort -which is transmitted through the armature teeth 
to the shaft. In a d}mamo this mechanical force must be 
overcome by the steam engine in order to turn the armature 
and generate the voltage. This is necessarily true because the 
steam engine provides energy of motion. Energy is non- 
destructible, which principle we call the Conservaiion of Energy. 




Fig. 50 — ^Mechanicai. Force ii; a Conductor. 

For this reason it follows that the mechanical motion 
energy is equal to the corresponding electrical energy. The 
relation between the xmits is that i H.P. = 746 watts. The 
mechanical force will depend on the field strength, on the 
length of conductor in the field and on the current flowing. 

Take an inch of conductor moting in a field of density ^ 
lines per square inch. The conductor will have an e.m.f. (E) 
induced in it which will depend on its length, on the velocity, 
and on f. 

If the induced e.m.f. sends a current i round an external 
circuit, the Power generated will be E x i watts. It is this 
power which is equal to the mechanical horse power, equated 
bj' the relation i H.P. = 746 watts. 



DYNAMO CONSTRUCTION 


67 

Tlie earlj' dynamo makers rmderstood the general prin- 
ciples of induction as expounded by Faraday, but they had 
very little knou ledge of the subject, and their productions 
were most crude. It was not until Prof. John Hopkinson 
published an epoch-making paper on the magnetic circuit of 
the djmamo that a sound theory of design -was evolved. 
This theor5/^ v e now propose to sketch. 

Dynamo Characteristics. 

It is known from experiments on electro-magnets that with 
a small current flowing in a coil surrounding an iron core, the 
flux is roughly proportional to the current in amperes. At 
high flux densities, however, the increase in flux becomes less. 
This effect is kno\vn as saturation of the iron. 

It is due to the fact that magnetisation of iron is a turning 
of the molecules so that they tend to lie all in one direction. 
^^^len all the molecules arc so turned, obviously nothing else 
can be done e.xcept that the ether in the spaces between the 
molecules ma}' take a bigger flux. So far as we know, there 
is no limit to the flux which can be carried by the ether, so 
the flux curve never becomes quite flat. 

A smaller current with more turns gives exactly the same 
effect as a large current with correspondingly less turns. It 
is the product (Ajiperes) x (Turns) which counts. The 
usual symbol for ampere turns is A. The following curve 
represents the effect of saturation: 



Fig. 51. — Flux Curve in Telephone Relay. 
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This curve is drawn for a telephone relay with its armature 
in the operated position. It has a magnetic circuit just like 
a dynamo. Our interest, at the moment, in magnetic flux, 
is its ability to generate e.m.fs. and we are therefore inter- 
ested in the current flowing round the field magnet coils and 
the flux produced thereby. If the field winding of a dynamo 
is supplied by a battery, there will be a definite current 
flowing and a definite flux produced. 

What happens, however, in the usual commercial dynamo 
which has its field winding connected to the brushes, and 
therefore derives its current from the armature ? 

Should the dynamo voltage increase, we should expect the 
current through the field winding to increase, and this in turn 
would raise the flux and put up the generated voltage. If an 
increase in voltage produces a further increase, is there any 
logical stopping place? In other words, have we a kind of 
unstable equilibrium like a cone standing on its point? The 
answer is " No ”. The dynamo voltage will rise until a certain 
equilibrium point has been reached. The determination of 
this point is our present task. 

If the generated voltage V is proportional to the flux 
produced by the field, and we know the relation between the 
field current "i” and this flux, then we can deduce the relation 
between field current and generated voltage. The graph wll 
have the same form as the one just considered. We can 
therefore draw a curve as shewn in Fig. 52. 



0 FIELD CURRENT i 


Fig. 52 . — The Equilibrium Voltage of a Shunt Wound Dynamo. 



DYNAMO CONSTRUCTION 69 

At the same time we must bear in mind that the field current 
not only produces the generated voltage, but is circulated 
by it, according to Ohm’s Law. In other words, the graph 
of V and I is a straight line as given by Ohm’s Law: V — 
where R is the resistance of the field magnet windings. 

This line, when drawn, must pass through the origin as one 
cannot have a current without volts — both must be zero 
together. Also the slope of the line or the Tangent of the 
angle 6 must be R, i.e. R == Tan 0. 

The line OP and the curve both give the relation between 
i and V, one by the theorj' of dynamo voltage generation, 
the other by the ordinary Ohm’s Law. The point P which 
is a point on both curves, must therefore be the working 
point, indicating by its position both the field current and the 
terminal voltage. 

Regulation. 

If the field resistance be varied, it will be necessary to draw 
a line having a different slope, and this ivill alter the point 
of intersection with the curve giving a higher or lower voltage. 
A regulating resistance is usually included in the field circuit 
of a D.C. generator to control the voltage. Increasing the 
field current raises the voltage and vice versa. 

In a case where a generator supplies a ciurent to a town 
over a long cable, the regulation enables the voltage at the 
town to be kept constant under varying load (current in 
amperes), although there is a variable loss of pressure due to 
the resistance of the cable. 

Characteristics of Motors. 

\^dien a motor is running, electrical energy, measured in 
" units,” is being turned into mechanical energy of motion. 
In Ohm’s Law, where a current is driven through a conductor 
by a voltage according to the formula E = Ri, electrical 
energy is being tmmed into heat. It therefore follows that 
there is something more than Ohm’s Law involved in the 
action of a motor. 

When the motor is working, armature bars carrying cur- 
rents are moving in the field of magnetic flux, driven by the 
"Mechanical Force” already described. In addition, the 
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mere motion of the conductors in the field generates an e.rD.f. 
as in a djmamo. fant -K-hereas in a atmamo the generated e.m.l 
drives the current throrgh the armature -nindings and the 
esdemal circuit, the opposite is the case in. the motor. 

Tils e.m.f. generated ir. a vyAor {s a back e.m.f, 
and ihe supply voliage has io force the ciirrcnl 
againsi this hack 'ccliage. 

Since a generated voitage is proportional to the rate of 
cutting Sux, it follotvs that the back e.m,f. is proportional to 
the motor speed, provided the field strength remains constant. 
In a shunt motor, vraere the field tvinding is a high-resistance 
v-inding shunted across the supply main, this is the case. 

Shunt Motors. 

The following sketch illustrates the principle of the shxint 
motor. 

As the field vnnolrig of resistance 2?/ is shunted across the 



mam oi voltage k, the current in the field coils it is 

y 

given by Ohm's Lzw asij— 5 - 

In the case of the armature, horrever, it is the diffcrer.te 
betiveen the main voltage T' and the back voltage E vrhich 
drives the current i^. through the arxnarure re^ance 


tnus: 


F - £ 


^ The motor therefore runs up to such a speed that the -%-oitage 
is just suSicient to send the right current thronah tbs 
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armature resistance. What do we mean by the "right 
current"? The force exerted by the armature in its motion 
is proportional to the current ig, and therefore the current 
needed to keep up the motion is proportional to the load on 
the motor, i.e. the machinery which it happens to be driving. 
When the motor is driving nothing, or "Running Light” as 
it is called, it still requires a small armature current to over- 
come the friction of the bearings, the wind resistance and 
so on. 

Example 12, The field strength and armature winding 
details of a 200-volt motor are such that it generates a 
back e.m.f, of 100 volts when running at 500 r.p.m. The 
armature resistance is '1 ohm. Find the speed with 
different load currents up to 100 amps. 

Speed-load Curve for a Shunt Motor. 

Start with Ohm’s Law for the voltage needed to circulate 
cunrent through the armature. The voltage available for 
this purpose is V~E. This may be tabulated as follows: 


I 

1 

R 

1 

10 

■I 

I 

20 

•I 

2 

30 

•I 

3 

40 

•I 

4 

50 

•I 

5 

60 

•I 

6 

80 

'I 

8 

100 

1 

1 

•1 

10 


The figures in the first column have been written dowm at 
random to give a list of currents up to 100 amps. The third 
^umii is obtained by multiplying currents by resistances. 
This gives the values of V—E. The V is 200 , giving E by 
subtraction thus: 
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Fig. 55. — Speed-Load Curve of a Series Wound JIgtor. 

Such motors are used for traction purposes and the following 
shows how a tram with two motors is controlled. 

The two series motors are first put in series and then in 
parallel stiU being series motors. (Fig. 56). 



Interpoles. 

Many dynamos and m'otors are fitted with small magnet 
poles between the main ones. These are called interpoles. 
They carry the armature current, hardng a few turns in series 
with the armature. (See Fig. 37). 

F 
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DYKAMO 

,o.a, puiUnf «.= ':|rr.S 

the resulting heavy obviate this, a vanabU 

damage the cables and 1 rrangc- 

lesistancc IS connected m il c ar i,a,ul or 

ments provided by which U : _ field vanding 

automatically, as the ^ moment, to give the 

RESlSrAIiCCS 


.....VfAi [V-'W. 




Fio. 


.Situnx Moiop. Staktck. 


in the armature circuit 
The resistance must be . •” ready ior starting 

when the motor is stopped. t at^^ . mrter 

when next required, and ^jonc automatically, by 

shown in the lollowmg skctcln th - js running, the 

means of a return spring. iost the spnng. by 

starter switch arm is held in position b 

an electro-magnet. common, 

Since alternating correct is no^.^ j,,acc of direct 

current motors are ‘ a^^egards its constructioi^ 

current ones. The simplest o transformer in which ic 

is the induction motor. U , coils move, 

mechanical forces make the secondary 
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SOUND AND SPEECH 

T his is a suitable place to explain the telephone. Sound 
is a rapid to and fro motion or Hbration in the air. 
The number of complete to and fro movements or cydes per 
second is called frequency. A lov/ frequency sound has a lov; 
tone and a high frequency a high tone or pitch. 

Most musical instruments such as a wolin send out the main 
tone or fundamental note together with vibrations v.’hose 
frequencies are whole multiples of the fundamental, when 
sounding any one musical note. These higher components 
are called harmonics and the number and strength of them 
gives the tone its musical "quality”. 

In speech every consonant and every vowel has its own 
w'ave form consisting of — it may be said — many harmonics. 
In point of fact, the air particles execute complex vibrations 
and this way of expressing the whole movement as the sum 
of so many different harmonics is due to Fourier. Since 
each harmonic is a simple sine wave, it reduces the whole 
study to that of simple sine waves. 

In the original "Bell” Telephone, a long horseshoe magnet 
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has coils of wire rorind the ends and a disc or diaphragm of 
iron is supported so as to be near but not to touch the coils. 
(See Fig. 6o). A current flows through the coils and cither 
assists or weakens the magnet and so varies the puli on the 
diaphragm. As the current is varied at the transmitter b}' 
the speaker’s voice, the receiver diaphragm varies in accord- 
ance with tlic distant air vibrations aucl so reproduces the 
sound. 

The transmitter is a small box full of carbon granules 
trith a diaphragm in front. When this moves it varies the 
pressure on the granules, makes their resistance larger or 
smaller and so varies the batter}'’ current which flows through 
them. 

In calculations on telephone systems, the engineer usually 
considers one sine wave frequenej' at a time from the lowest 
to the highest. He therefore chief!}' needs to be able to 
calculate the currents and voltages for a simple steady sine 
wave of aiiy given frequency. 

This is the study o! alternating currents. 
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ALTERNATING CURRENTS 

A lternating currents flow first in one direction then 
in the other. If a direct current is likened to a steadily 
turning wheel, an alternating current is like the balance 
wheel of a watch. In radio work the speech currents as well 
as the high frequency currents are all alternating and they 
are often part of a total current which includes some direct 
current too. This is the case in a valve. Historically the 
alternating currents which were first studied were produced by 
generators. 

Generation of Alternating Currents, 

If a dynamo is made without a commutator, wires may be 
taken from the armature winding to plain brass rings instead. 
These rings are insulated from the shaft to which they are 
firmly fixed. Brushes make. contact with the "slip rings,” 
as they are called, and the brushes lead the current round the 
outside circuit. Since each armature wire passes first under 
a North and then under a South pole the current in the arma- 
ture conductors reverses or "alternates” rapidly and since 
there is now no commutator, to put these reverscds "right,” as 
it were, the current round the outside circuit flows first in 
one direction and then in the other. It is alternating. The 
current starts from zero, goes round the circuit one way 
rising to a maximum, and then dies away to zero. It then 
reverses, rises to a maximum in the other direction, and falls 
to zero ready to start out in the first direction again. That is 
one cycle. The number of cycles per second is called the 
Frequency. The "Grid” power supply of Britain is at 50 
cycles per second. That is 50 maxima in each direction or 
100 reversals per second. 

The alternating current generator or alternator has come 
into its own. The reason is that the alternating current 

78 
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may be made to produce another alternating current at quite 
a different voltage by means of a simple transformer. 

The "Transformer. 

If a coil of wire is u ound round an iron core and another 
coil wound round this again, this core and two windings 
constitute a transformer. 

One coil is connected to the alternator and alternating 
current flows through this winding which is called the primary. 

The primary inductance must not be so low that the primary 
coil forms a heavy shant across the circuit, taking a big current 
and lowering the applied voltage, ■ 

With the secondary coil disconnected, the primary coil 
takes a current when it is connected to a source of alternating 
voltage. 

The current magnetises the core first in one direction then 
in the other. The result is an alternating flux. This flux 
generates a back e.m.f. in the •primary turns because it is a 
changing flux. The back e.m.f. balances as it were the applied 
e.m.f. But there is an e.m.f. induced in each turn of the 
secondary coil. If the secondary has more turns" than the 
primary winding, the total secondary voltage will be greater 
than the primary e.m.f., he. 'than the applied voltage. 

It is impossible to study alternating currents without 
understanding the relations between current and voltage first 
in “Inductance” and then in “Capacity," for these two, 
while they complicate the subject, make it possible for the 
electrical engineer to evolve practically any combination to 
suit the end he has in view. 

Inductance and Capacity. 

When current is increased or decreased in a coil, a voltage 
due to self-induction is generated in the coil. If the current 
is rising in strength, the induced e.m.f. acts in such a direction 
round the tiuns as to hinder the flow of current; but if the 
current is decreasing, the induced e.m.f. acts in such a direc- 
tion as to keep the current flowing along the wires of the coil. 
Tlris phenomena is explained by the two facts that Current 
Causes Magnetic Flux, and Changing Magnetic Flux causes 
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or gciieraics voUagc round the lines of flux. Therefore changing 
ciirrenl in a coil gcncrales voltage. 

Expressed mathematically we have 

„ (It . A small increase in i 

Ek — meaning t : — • 

at A small increase m t 

but E depends on the number of turns, size of coil, shape and 
also maicrial of core; air, iron, etc. It is usual to say that if 
one ampere per second rate of current change causes i volt 
to be induced in the coil, then we liavc i henry. So if the 
coil is of inductance L henrys the formula becomes 
E — L times rate of change of I 
d-t 

or E = L which means the same. 
di 

It is important for the beginner to realise that a hack e.m.f. is 
generated in the turns of the coil when the current increases 
in the coil. 

At the same time, once that is clear, one may go on to use 
the E in the formula to represent the applied e.m.f. needed 
to overcome the induced back e.m.f. Then the minus sign 
often used when E represents hack e.m.f. should not be in. 


when it represents the applied e.m.f. 


The formula E = 



suggests that one should examine the current wave and note 
its rate of change. An easy and important case is a sine wave 
lasting 2it seconds for i cycle. It is / — Sin t. This curve 
drawn on a true scale of height i inch and base 2n inches 
per cycle starts off at 45°. 

As tan 45° = I the slope is i at its greatest slope, and 

^ is simply i times Cos (/). This means is just Cos (/), a 

wave of equal height to sin {1) but 90° advanced in phase. 
If now we take not i cycle in 2tt seconds but i cycle in i second, 
everything is .speeded up 2tx times and all rates of change are 
2n times faster. The way of writing i cycle per second is 
Sin 2 -nt and the new slope is zn times Cos 27 rt. If we have / 
cycles per second we write it sin z-nfl and the new slope is 
2 tt/ Cos znfl. The multiplier 2vf comes in so often that we 
use a separate letter w for it. a> — 2 tt^. 
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The Slope of a Sine Curve. 

Since it is fundamental to know the rate of change of 
current in a coil and of voltage on a condenser in order to 
calculate the coil voltage or condenser current, the student 
may uish to have proof that the rate of change of Sin 6 is 
Cos 6. That is to say, since the slope of Sin 0 varies along 
the curve, if, for example, it is required that the slope be, at 

say, 57 — vhere 0 = i radian, put i in Cos 0 and Cos i or Cos 

2 ° 

57 — which is about " 87 , so the slope of sin 0 is "87 when the 
angle is i radian. 



Fig. 61 — The Slope of a Sine Curve 


To prove that the rate of change of Sin 0 is Cos, 0 in Fig. 61 . 
Draw OA to form the angle 0. The perpendicular AX 
measures sin 0 il we make OA — I. 

Now if the angle 0 increases slightly from A to B, the 
AB 

increase of angle is which is the way angles are measured 

in radians: it is Here, as the radius is i the angle 

is AB. 
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The new value of the Sine is 




BX^ and the increase 


BC is the increased sin for an agle increase oi AB. 

BC . .. increase of Sin 0 , . , 

The ratio -.-j. is the ^ so is the desired 

AB increase of angle 0 

rale of change or "slope" of a sine curve when plotted out as 
a wave. The increase should be small in this drawing and 

CB 

then AB becomes like a straight line and becomes Cos 

CBA, which is Cos 0 , because leans at an angle 6 to the ' 
vortical. 


Measurement of Sine Wave Currents. 

Sine wave currents are usually measured as the current 
which would cause the same heating effect as a direct current. 
Since the heating is the square of current multiplied by the 
resistance, we need Sin “’.v. From easy trigonometry Sin ’‘x 
is seen to be i Cos.2.v, because Cos 2a: = i — 2 Sin 
In I— I Cos 2x the i Cos zx is a double frequency wave 
and contributes nothing to the average value of the Sin “.r 
which is i. The direct current which when squared to give 
the heating effect equal to the alternating current, i.e. equal 

to it is / - and tliis is ^ X ^ 

“ V 2 V 2 2 2 

1-414 

■= = -707 amps. 

Thus a -707 amp direct current is as good as Sin wl which 
peaks at i amp. This -707 amp is the Root of the Mean of 



alternating currents 

T?M«; value Therefore the RMS 
the Square of sm x the ‘‘commercial” value, is 7 

value of a voltage or current, the comm 

of the Maximum for a sme wave ^ 

iTvhfchl less and the cutve is as 

seen in Tig. 62. 

■r:*— 

EtiiPS -“.“Vi.- a 

The lagging current on that wh 

With the lag there is the amplitude relati 
Current = Sm wt 
Voltage = w Cos wt 



When it is not merely Sin wt, j’^amps. then 

peak of I amp. hut I sin wt with a peak ot I amp 
V = wICoswt. 

Since this is for i henry, and m g 
L henries, we have V = Lwl Cos w. vvaves are the 

The current is I Sin but as ^me ^ have 
same shape with a time or phase d 
V 

= Lw zs regards size. 

^ r arrtUaffe with auy inductance 

This calculates current from vol g 

at any frequency. ' this- 

Here are some easy examples 01 
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Example 13. A 40 henry coil carries 1 miJIlamp. at 100 
cycles per second, what is the voltage needed to send that 
current through such a choke ? . 


Hcte / = TOO so 2rr/ = 628. 

Since L = 40 ahvai's to be henries and I — amp. ive 

• lODO ^ 


have 


40 X 628 

Ltal = = 25.12 


1000 


so the ansv/er is 25 volts. If the miUiamp. was a wave of 
maximum value i milliamp., then the voltage is 25 volts 
maximum, but if it is i milliamp. heating value, i.e. R 3 IS 
such as would make a meter read i m.a., then the voltage is 
25 volts RMS too. 


Example 14. Again a 1 millihenry coil carries 1 amp. 
at half a megacj-cle, what is the voltage ? 

For an amp., by the way, it would be a small transmitter. 
Here again E — Lv:I and I is one, so 

E — X 2-7 X = 3141 times the i amp. = 3141 

volts. 

Here we see that, apart from the 90' lag of current the coil 
seems to have 3141 ohms. We say it has 3141 ohms not of 
resistance but reactance. 


Reactance. 


The product Lzp, then, for a coil is so many ohms and once 
this reactance is calculated we use it just like Ohm’s Law, 
current equals voltage divided by reactance. 

I volt is applied to a coil of I mDhhemy. The current is 
a steady carrier at i megacrvcle. 


Then V = 
zv 

L == 


I 

6,280,000 

I 

6000 
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Put these in V = Lzal so that I 


V , ^ 6000 

, and / = 

Lw 62800CO 


= -95 milliamps. 

The best way is to regard Lw as so many ohms at that fre- 

V 

quency and work like Ohm’s Law, where I = 

The reactance as Lw is called, goes up uith frequency, and 
there is too the phase difference here which one doesn't get 
with a resistance. 

Clrcidt containing Inductance and Resistance in Series. 

Here, because the two are in series, the current is the same 
hilt nol tJie voltages across the inductance and V n across 
the resistance. They are not in the same phase and may 
not be the same size. The total voltage at any instant on 
the whole circuit is, however, the sum of the values of Fx and 
F;, at that instant. 

Tims the two waves need adding. To add two waves 
moment by moment we go back to the rotating vectors which 
in matliematics are always used to generate the waves. Thus 
in Fig. 64 Fx is the vector representing the wave of voltage 
on tlie coil and is the vector representing or drawing the 
wave of voltage on tlie resistance. The total voltage is F 
total, and is the diagonal of the rectangle because these rotat- 
ing lines alwaj's combine by addition like ^'cctors. The proof 
is easy. Sec Fig. 65. Suppose OA and OB are two such 
vectors, which generate or represent sine waves. 

A Mne wave is draum bj' a rotating vector. At the moment 
shown, S '.4 is the value of the voltage — the instantaneous 
value of the voltage represented or generated by the lino OA. 
^^^imilarly the voltage represented at the moment b}' OB is 

If one completes the parallelogram OBPA, then the height 
of P is by Geometrj" 4 - BS, which makes P by its height 
represent the true sum of the instantaneous voltages. Tims 
tlie vector OP by the height of P represents the sum of the 
heights of A and B, so this vector is the sum of the vectors 
OA and OB. The proof is that PQ = BS and QT = AS-. 
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alternati^^g currents 

Condensers. ui<,her voltage as more wd 

A condenser charges up to a ^ voltage. The 

n,ore client is sent he aaige in A.-i-s. 

pressnie on its tenmals Ae^^ j charges i FmaA 
Seconds or Coulombs, and P fraction of a 

to I volt. Most “Coulombs to charge it to the 

A larger condenser needs mor ^ ^ ^ quantity of 

same voltage. g ^ fiads. With a condenser, 

rate oi change ci Voltage. 

to a coil. The teo ate the J „e just constants, 

and I mathematically, because L and o 
though different phpicall^ . 

IfthenE-l^ foihCoilgivesE-i-J"’ 


r r “ives I 

tvith lag of current then i — ^ & 


CwE u-ith lag 


of loUagc for a condenser. 


“ of a —r 

Reactance is j — 

a condenser is 


Since F 


Cm 

di 


L - results in Current lagging 90° ^ the case of 
(tt 

a coil, SO the formula ^ ^ 

J = C - results in Voltage laggmg 9 ° 

dt . -.f+pn said that in a con- 

in the case of a condenser. , voltage.’ Tliat is 

denser the Current Leads 9 

sar-ing the same thing. , is best understood by an 

The reactance of a cond 

example. ^ i condenser at Soo cycl^- 

VTiat is the reactance ol remembermg, for 

The question and answer ar 
reasons that will be describe 
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Here C is — and w — zn y. 800 = 5,000 nearly. 

I 


So reactance ; 


Cw 


10 


» X 5000 


Invert the divisor — thus: 

10 ** 


X — — 


1000000 


= TOO. 


5000 2 ^ 10000 

So it is 100 ohms. This means that at that frequency 20 

J7 20 

volts would give a current of J = = which is 

Reactance • 100 


i ampere. 

Notice now the result of a different frequency in the case 
of coil and condenser. 


The Variation of Reactance with frequency and size of 
components. 

If with an inductance — and in discussing inductance one 
Ignores resistance to make it clear what inductance is and 
does — we double the frequency, then because it is Lw that 
is L multiplied by w, the reactance is doubled. 

Also a double size of inductance gives double reactance 
with the same frequency. With Condensers it is quite 

different. Here it is and as -- is less than - or ^ then 
Cw 10 52 

— ^ is a smaller reactance in ohms if Cw is larger. Thus a 

larger condenser or a higher frequency lowers the reactance. 
If then Zjuf. at 800 cycles is 100 ohms, it follows that q/zf. 
at 800 cycles is 50 ohms, and 4 fjd. at 8,000 cycles is 5 ohms. 

Making ^f Inductances. 

If a large number of henries is needed, the method of con- 
struction is to use an iron core of stampings and wind many 
turns. These stampings are often as shown in Fig. 67. 

They are also used for transformers. The use of a number 
of them saves the generation of large currents in the iron core. 
These would be set-up because iron is a conductor of elec- 
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tricity. The 
stampings are 

each insulated 

to reduce the 
eddy currents. 


Pig. 67. 

Typical 

Transformer 

Stamping. 



, Tj with a bundle 
The coil is wound round ^^“J^perrtum gives 400 lines 
of a certain size stampings, tums^then the flux for i amp- 
of flux, say, and there are ^ straight part of the magnetisa- 

is40onsupposmgweareon t St g ^ a secon 

tion curve for the iron. I£ the amp so 

the rate of flux change would be 4 

volts would be induced per turn. T 

be and this is the number of henries, as it 

10® di • - -Li-" rrvT-rmila 

for I amp./sec. current change, making 
E = L - so as far as arithmetic goes E 


: I in the formula 
L and we have 


worked out E and so found L. 


Radio Coils. rrn round the same path 

In radio work all the fo all the flux does not 

as it nearly does m an iron > ^ auctance and the 

cut all the turns, ^^t ^ sSe shape and size of 

comes in. Double the sampled. ^a 

coil and the inductance is q^a-dmpi 

Inductance, then, he. ratio of length to 

on the size of coil and_ th aata books. 

diameter. Figures are given in vano . 
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Fig. 69. — Model, made from pins, Illustrating Radio Wave in 
Space. The Wave is Moving to the Right. 


the wave empty. These currents are not a flow of electrons, 
as the current in a conductor is, but there is a ground current 
in the earth from the front to the back of the wave; an elec- 
tronic current, and this with the displacement currents forms 
a "coil” of one turn which magnetises the space in the body 
of the wave. A magnetic flux is thus produced. The flux 
is horizontal, and the wave spreads in circles round the 
broadcasting station, like ripples when a stone is thrown 
into a pond. 

Since the wave is moving, the moving flux generates a 
voltage in space, just as the flying poles of an alternator 
generate voltages in the stationary wires on the frame of the 
machine. These voltages must, by Fleming’s rule, be at 
right angles to the wave motion, and to the lines of magnetic 
flux. The lines of induced voltage are, therefore, vertically 
downwards; and now the circle of reasoning is complete. 
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This is the voltage E with which we began, represented by 
the vertical pins pointing downwards in the body of the 
wave. Hence the wave can travel and is self-sustaining. As 
it travels and spreads it grows weaker. 

One question often asked by the enquiring student is this 

‘ ‘Why is there a factor of ^ rjTn the formula for the 

capacity of a plate condenser?” The formula referred to is 

C = — 3 T, farads. A is the area of a plate (in sq. 

47rifX9Xio“ ' 

cms.), and d their distance apart in cms. 

The above explanation of a wave can be used to answer the 
question. Let the wave be supposed to be contained between 
a "floor” and "ceiling” of a metal of no resistance and let 
the sides of the tube be made of a material of perfect mag- 
netic properties arranged in a horseshoe, the wave to travel 
along an axis rather like the axle of a magneto, i.e. in between 
the poles or like an Anderson shelter. (See Fig. 70). 



Fig. 70. — Radio Wave Tuavelling Directionally in Space. 


• The square tube may be one centimetre square in section 
rather than as big as an “Anderson” for ease of calculation. 
Suppose the voltage E is one volt between top and bottom 
of the tube. This volt charges 186,000 miles of space per 
second, which is 3 x 10^“ sq. cms. of plate area as the wave 
runs along a strip i cm. wide. It makes a condenser of value 


3 X 10’" 

i.e. 

477- X 9 X 10“ 


farads. 

12071 
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If ^ = CV then the quantity per second of electricity is ~- 

coulombs for i volt, so there is a current of amp. flowing 

along the “ceiling” in a forward direction, back along the 
floor and up at the back of the wave as shown in Fig. 70. 
This is 'the current J in Fig. 69. 

This constitutes one turn, so there is ampere-turns 

magnetising the space. Since /a = i for air, and the relation 

between flux and ampere-turns is then — amp.-turns 

we have a flux of ~ x — ^ because "I” is i cm. 
10 12077 300 

between the sides of the tube for the length of path of the flux. 
Since the wave velocity (the velocity of light) is 3 x 10” 
centimetres per second, the rate of generation of flux is 10® 
lines per second which always generates a volt. This is the 
voltage which we began with. 

The crucial' point is that the figure n for 

^ ® 477 X 9 X 10“ 

capacity of a centimetre cube of free space, has produced the 

right result in the case of a travelling wave. The figure 

3 X 10* “ cms. per second for the velocity of light is found in 

more ways than one. The earliest was observation on 

Jupiter’s moons. Therefore, the factor is correct, and is 

proved so. 

When a wireless wave is picked up on an ordinary vertical 
aerial, it is the electric voltage E in the wave which counts. 
On the other hand, a frame aerial works because the magnetic 
flux 0 in Fig. 69 cuts the turns. This aerial then gives maxi- 
mum strength when its plane is directed towards the station 
so that the expanding rings of flux cut the turns. 
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Series Resonance. 

R esonance is found in nature apart from electricity. 

It is in sound, and also in mechanical vibration as in 
motor engines. Consider a series resonant circuit as shown 
in Fig. 71 consisting of coil, condenser and resistance in series. 


-'\/VVV '5B1RRJ' o 

R L 


Fig. 71. — Diagram For Con- 
denser (c). Resistance (r), 
AND Inductance (l) in Senes 
Circuit. 


xLwI 



V the total 


The voltage on the cod and that on the condenser are always 
in opposition. They are in opposition, that is, moment by 
moment, at every part of every cycle, whatever the frequency, 
as long as the frequency and 
voltage are steady. The coil 
and condenser voltages are equal 
in resonance only. 

The current in every part of Diff.t;, 
the circuit is the same at any 
moment and so one must draw 
voltage vector diagrams. The 
resistance R usually represents 
the D.C. ohmic resistance of the 
coil together with the losses at 
the high frequency. 

The vector diagram is as shown 7 ^ 
in Fig. 72 . 

The total voltage V is given by 


RI 

J_ 

Cco 

— V ECTOR Diagram for 
L, C AND R IN Series. 




+ 


LoiI 


Cco 


or to give it its usual form, the current for a given voltage V is: 


V 


/ 


-b I £co — 


I 

Cto 
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It may be asked; “Why bother about the io“ resistance at 
all?” 

The reason is that round about the resonant frequenc}' this 
resistance makes a lot of difference. When, for example, 

la) is also lo ohms like the resistance, the total imped- 

Co) 

ance is foimd from + io= to be iq'iq ohms, making 

E 

the current fall to 707 per cent of the value at resonance. 

This incidentally is a figure much used in e.vperiments on 
the losses in resonant circuits. It is possible to plot a 
“general” curve thus: 

B}' writing a new variable, Q, for 
frequency used 
resonant frequency of circuit 

one can get a vcrj’ simple expression for the current flowing, 

E 

as a fraction of tlie current at resonance, which is simply — 

K 

(One must be careful not to confuse i? here with the same 
symbol used for ohms.) 


Parallel Resonance. , 

Here the cmrent in the lead to the parallel circuit is small 
at frequencies round about resonance, and one may, therefore, 
say that the impedance of the circuit is high. Neglecting 
losses, the impedance at resonance is infinite, but losses in 
— say — ^thc coil, make the coil cmrent lag at an angle behind 
the applied voltage which is not quite 90°. The two currents, 
the coil and condenser cur- 


rents can never therefore 
add up to zero, and the 
circuit cannot have an in- 
finite impedance. To find 
out how big its impedance 
at the resonant frequency 
really is, in a particular 
case, one uses a simple 
formula developed as fol- 
lows: {See Fig. 73). 



Fig- 73-— a Cou. and Condenser 
IN Parallel. 



9S iKTSODUcno:.' io ’Elbctpjcity a::d h.%i;io 

The R represents the D,C. resistance of the coO, to w 
must be added resistance due to losses at hisb irequenct'. 


Losses ia Coils. 

At high frequencies there is a tendenct* for the current to 
ficTK- along the Outer portions of a v.ire and not much through 
the inner part. The current So-a-s in the “sinn” onlv, and 
this is called skin enect. The greater current jiensitj' in the 
outer lat’ers calls for a larger voltage to drive the cnrent 
j through, and so the elective resistance 
of the v.ire is greatcn. There are special 




CoH 


r/tth its 

1 

series 

1 

resistant 

4 ^' 


stranded vdrcs used in order to 


afeorn 


as much surface as possible. 

The coil urith L and i? in series should 
ncr.r be replaced bv a combination of a 
perjeci inductance and a high shunmig 
resistance m paraTcl, y/hich mould aMoov 
the same value of current to fcm, as 
in the real coil nith its series resistance 
R, and also make the angle betmeen 
cinrcnt 1 and voltage V the same for 
the t-A'o, as in Fig. 74. 

This is a separate little problem and 
the current I used here to make the R 
and L in series, into a coil and resistance 
in parallel, is not the I in the common 
lead to the resonant circuit. 

To use subsciiprs such ss in Ij or 1 2 
in separate problems is confusing zo a 
2 Jld. is S-VOic&d £26 :Tc. 

K i? is a small fraction of La» (even if it is as big as J) then 
the vector voltage V on the coil is not sensibly mcreasea m 
length by the resistance drop RI so the (’ on the coil in the 
series circuit can be supposed euual to 1' m the parallel case, 
-^Iso in the parallel case the current through Z mil not 
lengthen the vector current 1 going in to the circuit if ^ is, 
sa}', as little as 4 times £&»; so the ratios of currents jo 
voltages depend chiehy on La. inis means the parallel 
circuit repladns the series has the same inductance. 


f 

^ 1-5 

Repfacement 
circuit 

Fig. 74. — EnPaccEirEirr 
OF Con, BV BQur.v-tmr 
ClHCXTITTriTH PASiXZ-rX 
Kbststaztch. 
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The phase angles of the 
two circuits should be the 
same, and so should the vector 
diagrams in Fig. 75. 

Let us study the phase ^ 

angles. 

The phase angle for the 
series circuit shows the lag , 

of current; (tan 0 = p- 


CoU with 
resistance 
in Series. 


The Parallel 

wherevoltages are considered, \| replacement 

and for the parallel circuit ' circuit 

where one must consider. 

p.-rrpntc ^IG 75 VeCTOH DIAGRAMS FOR 

i-uiit-jiLs, ^ Coil and its Replacement. 

Lix) Z 

tan 6 ~ y which is ; so, if they are to be the same, 
Z 2 

Loi Z . ^ {L<a) (Lio) 

-T=-n, ^ = -- Tf — 

To get the same effect with Z as wth a series resistance R 
at the resonant frequency, since Leo is equal to at reso- 

nance, one puts ^ for one of the Leo’s above and Z = 

Leo ■ LK 

which is called the “ dynamic resistance ” of the parallel cir- 
cuit. It is the impedance at resonance, because one may put 
the new combination, in the tuned circuit as shown in Fig. 76. 


Fig^ 75 — ^Vector Diagrams for 
Coil and its Replacement. 


which is -y— ; so, if they are to be the same, 
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The L and C on the right are together of infinite impedance 
at resonance, so the impedance of the -whole circuit, v.'hich is 

a replacement for the true one on the left, is ^ ; at resonance, 

that is, and not at other frequencies. Hotv one defines 
resonance here is another matter! 

The formula <o = - - yl= is usuallv near enough. 

VLC ' ' 

As an example, let i = ^ mh. and C = ’oooi mf. and R = 
io‘^. Then the impedance Z of the circuit is 

TOCIOOOO I ^ , , , ... 

X = 107,000 ohms (approx.) ; a surpnsmglv 

■OOOI X 10 booo ' V RR ; r 

high figure. To demonstrate this, one should use a tetrode 
or H.F. Pentode as described -under “Experiments". 


“ Magnification.” 

This is a factor giving the voltage across a coil in tune 
di-rided by the voltage v.-ith no condenser. It depends on 
the resistance and it is well to know the relation. 

Suppose a series circuit has a valve grid and filament 
connected across the coil and the circuit is in resonance. 
Then without the condenser, the voltage would be the applied 

V 

V. With the condenser the cturent is -rj and the voltage 

K 

on the coil or -rr times the applied voltage. 

R R * ' ^ 


The ' „ is called the Q of the circuit. The R is the D.C. 

resistance plus the losses, and any losses in the condenser 
(sa}' 10 ohms in series \rith its reactance, for example; can be 
added to the coil loss to give a total R. When, by the use 
of a valve of extra high impedance, one pushes a current 
through a paraUel resonant circuit tuned to resonance, the 

voltage developed across the coil is ^ times I where I is the 

current. If the condenser is taken away the voltage is Lail. 

The ratio is aaain Q — as before. 

- ji 
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The Generalised Resonance Curve. 

It is possible to plot one set of curves which cover all series 
circuits. Take the current in the series circuit 


/ = 


V + I “ Qa ^ 

fraction of the current at resonance which is 
E 
R 


and consider current as a 


I Thisisy,+^|z„_jJ (’ 

Also consider Q as the frequency, divided by the resonance 
frequency, or with the 277’s, — where cog is the number of 

CDg 

radians per second for the resonance frequency. That is 
; or, w-i/lc is the new Q. Now put 
instead of co in the formula and we have ; 


Current ratio = ■- =- 

y^+ 


I _ v^\ 
R-\VLc nc s 


This becomes 


I 



and if we put an cog in the numerator and denominator of 


it is seen to be X — 5 or f " which is 

CR^ R Cu'gR R J 

Q- meaning the Q at resonance. Thus the formula redhees 
to the simple and comprehensive one: 


Current 


Current at Resonance 


/ 


V 


I + ? 


= («-b) 


From which it is seen that when f — f of the resonance 
frequenej', there is the same value of current as at of the 
resonance frequency, and so on. 
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The Parallel Circuit in 
Practice. 

' A common question is, "If 
a parallel circuit acts like a 
high resistance at resonance, 
why is it used in place of a 
resistance in the circuit? " 

The Circuit is shown in 
Fig. 77. 

The condenser C and coil L 
are not themselves in reson- 
ance when the loudest music 
is heard, because the aerial has 
capacity to earth. The loud- 
est signal is when C is a little 

; then the circuit "looks like” 



eS 90 92 94- 99 98 WO JD2 704 706 708 770 772 

Percentage of Resonance frequency 

Fig. 78. — Resonance Curves. 




RESONANCE CURVES 


103 

a large inductance; for the coil has lower impedance (react- 
ance) than the condenser, the coil current is bigger and so 
there is a net lagging or coil current in the common lead. 
This means L and C can be replaced by a large cod. The 
aerial forms a series condenser to it and so series resonance 
is present in effect with a magnification across the "coil” 
which is the circuit connected to the grid. The circuit also 
gets rid of unwanted stations because of the tuning. 

Idle graphs for a plain series circuit are shown in Fig. 78. 
The current is smaller with Q — 50, i.e. a larger resistance: 
the curve gives fractions of the peak value, calling the peak I. 
Kote also the flatter peak for the lower "Q." 



CHAPTER XIV 


THE VALVE 


N O single invention has ever made such an advance in 
light current engineering as the valve. Indeed the 
big water-cooled valves used for Transmitters are no longer 
“light current" engineering except in the complexity of the 



Fig. 79. — Test o:: a Crystai.. 


circuits and principles used 
in connection vlth them. 

The great thing about the 
valve is that a weak alter- 
nating voltage can be put 
on the grid, that is, between 
grid and filament and a 
stronger voltage, a copy if 
desired, can be obtained 
from the plate, between the 
plate and filament. 

In the early days it was 
not only the weakness of the 
currents generated in the 
receiving aerial which made 
reception difficult, it was 
the fact that the currents 
were high frequency ones 
which v/ould come over the 
ether in reasonable strength 
but would not work a tele- 
phone or any ordinary piece 
of apparatus. The first de- 
tector in common use was a 
crystal. It was called a 
detector because there were 
the currents, from say, Paris 
400 miles away or more, but 
if they were floving in the 
tuned receiving coil how 
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could one tell they were flowing? The crystal, tested with a 
battery allowed current to flow one way only, like a one- 
way street. With an alternating current the crystal allows 
half waves to flow. 

See Fig. 79 for a graph of a test on a crystal. The series of 
half waves flowing through a crystal woiild operate a micro- 
ampmeter or headphone and so the presence of the current 
was detected. The valve was first designed as a detector. 
Edison, when making his electric lamps, had sealed a metal 
plate into the lamp quite distinct from the hot filament and 
foruid a current florving in the conventional direction from 
cold plate to hot filament. (See Fig. 80). 


Fig. So. — Edison’s Valve. 

First designed as a detector by the 
Inventor. 


Milliammeter 

The current according to convention flowed to the hot 
filament. This helped to prove the convention wrong; but 
we still keep it. It is like saying the sun rises in the east 
and sets in the west. It is accepted, though everyone under- 
stands that it is the earth which rotates from west to east. 

Fleming used this for detecting radio waves because, 
although a Uttle current flows with no battery in the plate 
circuit, a much larger current flowed if a battery was put in 
at B with positive connected to plate and negative to filament, 
but none flowed with the battery reversed. The valve was 
then a rectifier of alternating current when the AC was put 
in the ammeter circuit at B say. 

This was called a diode valve. The AC might be a high 
frequency wave and the D.C. meter might be replaced by 
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phones if a musical or speech programme is being received. 
The hot filament emits electrons. 


The Triode. 


A great invention was made when the grid was added. 
This is a spiral of wire wrapped round, but not touching, the 
filament, and it is in between the plate and filament. It 
does not touch the plate, either. A high voltage or H.T. 
battery is put in series with the plate to help the electronic 
current to flow from filament to plate. If, now, a negative 
voltage is put between grid and filament the electrons are 
repelled from the grid and no current flows in the grid circuit, 

but the plate cur- 



rent is altered 
too. Variaton 
in the grid volt- 
age affects the 
plate current, as 
showm in Fig. 8r, 
which shows typi- 
cal curves for a 
triode valve. 
Each curve is 
plotted with one 
fixed value of 
H.T. voltage. 
The uses of the 
valve are botmd 
up in these 
curves. 

Constants of 
Triodes. 

Notice that 
change of grid 
voltage from, say, 
o to 4 volts 
lowers the plate 
current by about 
5 m. amps. 
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wherever we go on the straight parts of the characteristics. 
This means that r volt changes the plate current b}' i'2 
raa. This is called the Mutual Conductance of the 
valve and g is the usual sjunbol for it. In this case g = i'3 
milliamps. per volt. 

Notice now that a reduction of 50 volts in plate voltage is 
needed to give a reduction of the same 5 ma in the plate 
circuit and ^^ce versa, which means that as regards changes 
of plate voltage it takes 50 volts to give 5 ma change; so the 
plate circuit acts like a lo.ooo-ohm resistance. This figure, 
a small change of voltage at the plate called dv di\'ided by a 
small change of plate current dl is knovTi as the Plate 

Impedance, or resistance of the anode, Ra. That is ^ 

al 

Last of aU note that if the plate current changes by i‘2 m. 
amps, for i.volt grid change, when the plate pressure is steady, 
the change of plate pressure to cause a 1'2 m. amp. change of 


plate cirrrent is 


I '2 

1000 


X 10,000 = 12 since V — Ral and Ra 


■X 


H.T.Batteri/ 


is 10,000 ohms. Hence i volt change on the grid does the 
same to the plate current as 12 volts change in plate battery 
voltage. Now it is seen why a valve amplifies; the figime 12 
which is always g 
times Ra is called 
the Amplification 
Factor. The 

s3Tnbol is p, the 1 1 Load to be 

Greek mu. 1 \ inserted bere 

Since the curv'es 
for the valve are a 
series of parallel 
and equally spaced 
straight lines, any 1 Input 
change of plate 
current caused by a 
combined alteration 
in Grid Voltage 
and Plate Voltage 
can be predicted by 


Screen grid 

Control grid 


n 


■ Cathode 


Heater 


: Bias resistance 


Fig. S2, — Screen Grid Valve. 
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finding the effect of the two factors separately. The triode 
valve is an excellent amplifier of music, but at high frequen- 
cies it is apt to generate extra oscillations when one is trying 
to amplify the weak incoming waves. This is due to capacity 
between grid and plate. 

The screen grid valve or tetrode overcomes this. It has an 
extra grid between the control grid and the plate. (See 
Fig. 82). 

The screen is connected to a tapping on the H.T. battery 
and now the plate current at full plate voltage does not alter 
much when the plate pressure is changed. This makes the 

plate impedance Ra ~ — very high. It may be as much as 



several million ohms. 
The value of “g” the 
milliamps. plate current 
change per volt change 
on the control grid, is 
about the same as for 
a triode of the same 
type. The curves for 
different plate voltages 
come near together as 
in Fig. 83 because of the 
high Ra. 

Tliere is one peculiar- 
ity, however. In a 
triode, the curve for ISC'" 
plate is below that for 
200'''' plate and so on. 
In the tetrode they are 
not in order and the 
reason is explained from 
Fig. 84 which shows a 
different way of plotting 
valve characteristic 
curves. The grid voltage 
is fixed to get each curve, 
and Plate Cuirept is 
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plotted against Plate Voltage. There is a kink in the curve 
at a certain voltage in the case of the tetrode and it 
occurs when the plate pressure is somewhat below the 
screen voltage. The kink or fall in plate current is accom- 
panied by a rise in screen current. The explanation is 
that when an electron from the filament hits the plate it 
may knock out several electrons from the metal. This is 
called Secondary Emission. When the plate voltage is well 
above that of the screen the electrons return to the plate 
and there is a normal plate current. If, honnver, the screen 
is at a higher voltage, the emitted electrons go to the screen 
and increase the screen current. A very low plate voltage 
' gives no secondary emission because the bombardment of 
the plate is not great enough. 



Anode Current la. Anode Voltage Eg, Is is the Screen Current, 
Es is the Voltage. 


The Pentode, 

In the pentode an extra grid at the cathode potential is 
put between the screen or high voltage grid and the plate, to 
prevent secondary emission. It repels and so returns elec- 
trons to the plate, with the result that the kinks are taken 
out of the curves. (See Fig. 85). 

This way of drawing characteristics is now common, but 
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all the information which can be obtained from this type of 
characteristic can be obtained from the Ve — curves for 
the valve. What is often wanted is the characteristic curve 
for a valve with a load in the plate circuit. (See Fig. 85A). 
R is the load. Suppose the curves for the valve alone are as 
shown, and an external resistance R is put in the plate circuit, 
of value 5,000 ohms. The plate supply voltage is 250 in this 
example. When the current in the plate circuit of the valve 
and in the resistance is big, there is a big drop across the 
resistance and a low voltage on the plate. A small plate 
current means little drop and a big voltage on the plate itself, 
an important point. 

Assume values for,plate current and calculate voltage drops 
in the 5,000-ohm resistance thus: 


I.M.A. 

Volts Drop 
in 

Resistance. 

Actual 

Plate 

Voltage. 

0 

0 

250 

5 

25 

225 

10 

50 

200 

15 

75 

175 

20 

100 

150 


Now find points on the set of curves for the currents and 
plate voltages in the table. Join these up and the result is 
what is called the dynamic characteristic. 

Its straightness or otherwise, shows whether there will be 
much distortion, i.e. whether the plate current will be a 
faithful copy of the input voltage applied to the grid. 

To Find the Power Output. 

Suppose the variations of plate current as seen on the 
dynamic characteristic are from 5 to 13 ma in a 5,000-ohm 
load. The peak to peak current swing is 13 — 5 = 8 ma 
and half this, 4, is the current peak value. The RMS values 
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are less than peak values, the factor being y'2', so current of 
-i ;;;a making RI~ to be: 


2 

^^’atts 


5000 X 16 


•04 Avatts. 


2 X 1000000 

One can draw a curve on the set of characteristics, for the 
maximum anode dissipation, above wliich tlie plate will get 
too hot, provided one has the makers’ figure in watts for the 
safe limit. If it is 10 watts the voltages and currents are hot 
to exceed such figures as: 


1 

Cm rent 

iit^ 

1 Voltage 

' 50 

[ 200 
t 

. 100 

1 

j 100 

j 120 

1 

CO 

CO 


This is the voltage actually on the plate when that current 
is flowing; not the voltage across the load resistance or im- 
pedance as well. 


Direct and Indirectly Heated Valves. 

In the carlj'^ valves, and in the modern batter}'^ valve too, 
the hot filament emits the electrons. For operation on A.C. 
mains a t3'pe of valve has been dei'eloped in which the hot 
wire is bent into a hairpin and pushed into a "Cathode tube’’ 
which is insulated from it. It warms up the tube as hot 
water does a pipe, and the outside is painted with the chemicals 
which give off the electrons. This makes possible a novel 
t\'pe of bias arrangement. (See Fig S 6 ). 

Suppose it is desired to give — 4'’ bias and the vali'e has 
a plate cuiTent of S ma nuth this bias, these figures coming 
from a catalogue or from curr'es. 

When the current flows tlirough the bias resistance R, the 
cathode is positive above earth because of the RI drop. 
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The grid is connected through the transformer or through 
a high resistance to earth and so is negative to the cathode. 

8 

In this example 4 = i? X or J? = 500“. Since increase 

of plate current (al\va5^s caused by -positive grid srving in the 
usual way) increases the bias with this system, making the 
grid go a little more negative, there is loss of amplification. 
A 50/r/ electrolytic condenser across J? usuallj'^ cures this. It 
need only be rated for the bias voltage. 
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OSCILLATORS 
The Triode Oscillator. 

T he triode valve can be made to generate sine wave 
currents. Such a circuit is called an oscillator. 

The simplest oscillator is perhaps the Meissner. (See Fig. 87). 
This oscillator has one condenser and two coils. The two 
coils are arranged so that some flux from the plate coil cuts 
the turns of the grid coil. The M represents that thfere is a 


1 

0 

1 

T 

mutual inductance of M henries 
between the two coils. The funda- 
mental rule for oscillation is this: 




0 

_ _ A 

i\uie lOF ubciiiaLJon* 

If a slight positive pressure on 
the plate (i.e. an increase of voltage 
at the plate itself) causes a sufficient 
negative pressure on the grid, then 
there will be oscillation. 

1 1— 

Fig. 87. 

Meissner Oscillator 


Mutual Inductance OF Expressed in figures it means 


this: When the plate goes more 
positive, the external circuit vmst make the grid more 
negative, and when the plate goes in a negative direction, say, 
from + 100 volts down to + 90 volts the grid must go more 
positive, i.e. from, say, —6^ grid bias to — grid bias. 

This is simply because a valve with a load in the plate 
circuit works this way. Negative movement of the grid means 
reduced plate current and a plate voltage which is nearer to 
the -f end. of the plate battery, because of less drop across the 
load with the smaller current eiccording to Ohm’s Law. 

If the plate coil is the wrong way round with respect to the 
grid coil, one of them must have its ends reversed. If the 
two are wound on the same former, the end leading to the 
grid must go the opposite way round the former to that end 
of the other coil which goes to the plate; then the plate will 
go positive for grid negative, and the valve can oscillate. 
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The Calculation for this oscillator consists in assuming a 
voltage of, say, one volt maximum value (or else R.M.S. value 
instead) on the grid. The effect is followed by the j notation 
from the plate to the plate coil and right through back to 
the grid. 

See Chapter XXX for the j notation. 

The current in the plate coil affects the grid coil, and the 
voltage on the grid must be the 1 volt with which the calcula- 
tion began, for there cannot be two values of voltage on the 
grid any more than a man can be five feet high and, also, 
six feet. 

This produces an equation: b}? equating the calculated 
voltage on the grid coil to the x volt assumed to begin with. 
The equation breaks up, in the manner shown in the chapter 
on the j notation, to form two equations. One gives the 
condition for oscillation, showing that M must be big enough 
to give the required voltage assumed, and the other gives the 
frequency of oscillation -as 

f I /~1~\ ~T\ 

Ic\^ + X 

where Ra is the internal plate impedance of the valve. This 
equation clearly shows that the frequency generated is not the 

simple w = of the circuit, in resonance to forced vibra- 
^ VLC 

tions, but depends on the coil resistance R, which includes 
some losses, and on the plate impedance. If this is altered 
by, say, a change of H.T. voltage the frequency will alter too. 

A very simple way to understand the operation of the circuit 
is to consider that as the tuned plate circuit is nearly at 
resonance, one need study the currents and voltages in this 
circuit alone. This is true, because the grid voltage is a copy 
of the back voltage generated in the self inductance of the 
plate coil, so long as no grid current flows. 

A considerable current flows or circulates backwards and 
fonvards round the tuned circuit like the to and fro movement 
of a watch balance wheel. Meanwhile the voltage across the 
tuned circuit is rising and falling, and reversing regularly, 
being greatest when the current is just about to reverse. 
One neglects the average or steady value of plate current for 
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Fig. 91. — Phases in 
THE Meissner 

OSCILI-ATOR. 

As regards the coil 
and its resistance. 


Applying the same ideas as in Fig. 90, but in this case to 
the inductance and resistance of the plate coil we see that the 
voltage spent in the inductance of the coil leads on the total 
voltage V as in Fig. 91. 

This voltage may, and in practice does come into phase 
with the voltage /x because the voltage on the inductance L 
which we have called x causes a voltage of similar but opposite 
phase in the grid coil and this is the i volt we started from. 
On the other hand, the following is important. 

Limit of Swing of Oscillation. 

On the assumption that the valve is linear, i.e. | a volt on 

the grid causing ^ volts on the plate and so on, there is nothing 

in the mathematics to show what the size or amplitude of 
oscillation will be. The valve curve is never really straight, 
and oscillation builds up until the valve is used with the 
grid swinging so far that the bend of the characteristic is 
encroached upon, with resulting reduction of fj, at that point, 

and so of average fi 
throughout the cycle. 

Further, if grid cur- 
rent flows, and it 
actually does, when 
automatic bias of the 
type used in Fig. 92 is 
used (and more so 
when it is not used) 
then a bigger oscilla- 
tion means more grid 
current out of all pro- 
Fig. 92. — ^TnE_HARXLEY OscitcATOR. portiou, since the grid 
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current is a parabolic curve, and the result is to reduce the 
voltage across the grid coil, and so a limit of s'.’dng is reached. 

Where is made very big the type of oscillation is not 
controlled so much by the LC value of the tuned circuit, and 
may be of much lower frequency and bad wave shape. 


The Hartley Oscillator (with Automatic Bias). 


This typa of oscillator has one coil, rdth a tapping, as shown 
in Fig. 92. The tuning condenser tunes the whole coil. 
The condenser C keeps H.T. off the valve grid but it does more. 
Grid current flows %vhen oscillation begins, and this changes 
the tiny condenser Q. The voltage reached depends on the 
resistance R which gives the grid a definite voltage of bias. 
R is a. leak on the condenser through the H.T. battery and 
plate coiL The condenser charges in such a w'ay (neglect- 
ing the steady H.T. on it) as to make the grid negath'e, and 
so apply a bias; the bias in turn makes the grid current far 
less than in the case of an oscillator with no bias, thereby 
reducing losses, and also acts^as a limiting device to the 
oscillation amplitude as it drives the grid to a less steep part 
of the valve characteristic than that near the region Vc = 0 . 

Here it can readily be seen that the plate goes negative 
when the grid goes posith^e according to our rule, because the 
grid and plate are at opposite en^ of the tuned circuit, 
which is tied down in the middle onl}’, to the positive 
H.T. battery terminal of fixed, if high, %mltage. This is 

like the fulcrum 
of a see-saw. 

Fig. 93 shows 
the wiring dia- 
gram of the Col- 
pitts Oscillator, 
Often the 
above two oscil- 
lators are what 
is called "shunt 
fed." 

Here again the 
see-saw' idc-a is 



Fio. 93. — ComiTS OSCILI.ATOE (Shcut FeuI, seen in opera- 
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tion The advantage of this osciUator is that, in a set mth 
a wave change svdtch, there is only one coil to change, and 

has no tapping. 


No 
magnetic 
coupling 


r 


A 


ra) 



Fig. 94. Oscilij^tor Electrode Capacity Coupling 
Untuned Grid, Tuned Plate. 


Before the invention of the tetrode, triodes oscillated only 
too freely lyhen both the plate and ^cuits were tuned 
and this was caused by the capacity inside the valve, 
plate and grid. A popular oscillator used by a.inateurs is 
shovn in Fig. 94 («) and its explanatory diagram is shoira in 
Fig. 94 (6), vith the vector diagram. It is not a Meissner as 
the coils are not coupled. Often a Meissner at some sm 
condenser setting oscillates wonderfully well. It is pro a y, 
almost certainly, oscillating in this way when it does la . 

The large grid coil is not coupled to the plate coil as m the 
Meissner oscillator. The explanation to the circmt ^ a 
the interelectrode capacity gives a series circmt as m ig. 
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94 (6). If noiv the plate drcuit is aboat in time, and if the 
grid coil impedance is large, and yet much smaller than the 
reactance of the plate to grid capadtj*, then as regards the 
alternating plate voltage Vp there is a leading corrent I 
{loving to the Slarnent through the coil as shov.n in the vector 
diagram Fig. 94 (b). 

In the grid coil, hov/ever, the voltage leads the current I 
bt' 90° as usual. Thus the grid and plate voltages are in 
anti-phase, tvhich is our criterion for oscillation. 

Tuned Grid-Tuned Plate Oscillator. 

The tuned grid tuned plate osciilator. Fig. 95, voxks on 

this prindple and 
keeps its ixequency 
more constant and 
less affected by valve 
characteristic changes 
than other oscillators 
mentioned vreviotisly. 
Often a aystal vrith 
a sharp mechanical 
and electrical reson- 
ance frequenQ' char- 
acteristic is built into 
an oscillator circuit 
to stabilise the fre- 
quency. 

Oscillators v.ith 
automatic Bias ob- 
tained from a con- 
denser and grid leak are often designed to vork vith a very 
large bias. Tnis is Imovm as "Class C" vrorking and is 
described under amplification. 


Jl 



Fig. 05 . — Tvrrzry Gam-Tin^D Pulte 
O seuxATOH. 



CHAPTER XVI 
MODULATION 


T he nf-Hon of modulating a high frequency carrier wave 
i"; to make its amplitude larger and smaller in such a 
v.-ay that the lops of the waves give a picture of the speech 
wave. (See Fig. 56). 



J'tG. 96. — Modui-ation or Uicii FftCQur-NCV C.tnJtii.’R Wave. 


The wave crosses the zero just as manv times per second 


after modulation as before, 
but the height.s vaty. The 
. All 

r.atm IS called the depth 

of modulation. If.-li?“ 7 JC 
it is 7 or 50 per cent. Thirty 
per cent modukation means 
. l/t is *3 of .-1C. 

The simplest w.ny to .study 
modulation is to compare it 
with the effect of sj'caking 
into a c.arbun microphone, as 
ng.'iuis tlje checi on the 
disi'ct current through the 
inicrnphune. Suppose in a 
given case the microphone 
resislanto doubks^ .and cuts 
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"nic Current in a Microphone 
circuit is here shown as an example 
of modulation. 


! 
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the current to half its steady value, which we may take as 
TOO ma. (Fig. 30). Then M is 
If now the battery voltage were reduced to half its strength 
the steady current would be 50 ma falling to 25 ma when 
the microphone resistance doubled. Thus the A.C. component 
of current added to the original by the mere act of speaking 

into the microphone is 50 ma maximum, i.e. Sin col 
^ 1000 

amps, with full_^ battery but only 25 ma maximum with 
■half the battery strength or half the Steady current. 

Thus the added A.C. is a given fraction of the steady D.C. 
for a given loudness of speaking. Thus the added A.C. is a 
sine wave (or else some other wave) multiplied by the steady 
current. 

It is (Steady Value) Times {M Sin cot). 

The Sin wt may be Cos cot. That is a detail. The co is for 
the speech and is 2vf. 

The total current is then 

Steady + (Steady) (M Sin cot) or 
Steady (i -f M Sin cof}. 

Novv apply this to modulation of a carrier. The co for the 
carrier may- be distinguished from that for the speech by 
calling it coo = 2 ttJo and calUng the speech co, = 277/,, 
fi and fa being speech and carrier frequency respectively. 

Substituting a steady high frequency carrier for the iteady 
'D.C. in the telephone, one gets V Sin cojt + M Sin co,i) 
for the modulated carrier expressed mathematically. This is 
quite a valid, expression; because at one time the carrier 
currents to the aerial were put through the microphone, so 
it’is quite right to replace the D.C. with sin coj. 

The 1 ■}- M Sin co,t goes down to i — M when Sin co,i 
reaches — i, which is when co,t comes to be an angle of 270" 
and it goes up to i + M when Sin co,t reaches + i at a peak 

77 

of the speech wave when cogi = 90° or more correctly - 
radians. 

If we subtract the original unmodulated carrier we have 
MV Sin cool Sin cogi 

which is a rapidly reversing “beat” tone. The frequency of 
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the vibration is the carrier frequency, say a million a second, 
but the “beat” frequency is just double the speech frequency, 
for there is a pair of beats for each cycle of the slower speech 
wave. 

Further, as Sin goes alternately positive and negative, 
and multiplies the carrier Sin oi,i, every alternate loop of the 
beat has the carrier waves reversed in phase as is the case with 
beat waves. 

The beat wave 

MV Sin ct)ot Sin aij. 

may be expressed as 

MV ^ Cos {03 — o)st) — i Cos (uot -j- Cl}/) 
by using a formula in easy trigonometry. N ow bracket t out ; 

MV ^ Cos (wq — \ Cos (oJo + 

This means Two Separate Waves of Steady Amplitude; 
one of frequency /„ + /*, i.e. carrier plus speech frequency, 
and another of Jo — /, or carrier minus speech frequency. 
These are called the upper and lower side band frequencies. 

Note that the higher the speech frequency the further away 
from the carrier the side band frequencies are. 

In a speech wave there are frequencies which he anjnvhere 
between 200 c/s or less, and 2,500 c/s or more. Thus there 
are two side bands of frequencies, all high frequencies, that 
is, lying in the regions above and below the carrier as in Fig. gS. 

The formula referred to is: 

Cos {A — B) — 'Cos (A + S) = 2 Sin A Sin B. > 

Fig. 98 shows a carrier of 100,000 cycles per second, making 
the side bands stretch from 97,500 to 99,800 the lower, and 
the upper from 100,200 to 102,500 c/s. 

For music the frequencies are at least up to 5,000 c/s which 
makes the side bands extend to 5,000 c/s on each side of the 
carrier. This is why broadcast transmitters have their wave- 
lengths spaced about 10 kilocycles apart — to allow for 5,000 c/s 
above that transmitter ivith the lower carrier frequenc3'- and 
also 5,000 c/s below the other transmitter nuth the higher 
carrier frequencju In other words, the two side bands should 
not overlap when two stations are close together in their 
carriers. One may regard a modulated wave, then, as a 
jumble of frequencies round about the carrier frequency. 
The picture of a high frequency wave modulated with a single 
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sine wave tone, shown above, may be thought to have little 
practical value but its value is great. One ma}' test a receiver 
with a carrier modulated by say 200 c/s then test again with 
400 c/s modulating the same carrier and so on. The result 
shows how the whole receiver will act at each tone frequenct' 
by itself and so how it will act when all tones are present in 
music. 

If the tests with 2,000 c/s and over are a failure, the higher 
tones of music and those consonants of speech like i, d and s 
which contain high frequencies tvill not be heard ver^' well. 
Thus the carrier modulated b3- a single pure sine wave tone 



Fig. gS. — The Sms Baeds or a SIoduiaied VTave. 

bears the relation of a spade to a garden when the performance 
of the set is considered. The spade will not turn the whole 
garden over at once; but used again and again, will do so. 

The modulated wave, then, has no currents of sp^h fre- 
quency (called Low Frequency or L.F, currents) in it, but it 
carries the music by \irtue of its shape just as the wood of a 
fretwork motto carries the message hy %irtue of its shape. 

Fmther, the use of a carrier allows of tuning ; and so of many 
stations operating all together at the same time, with difierent 
programmes; which could not be done if aU the music went 
out on the ether in the form of musical ctuxents. 
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PULSE-TIME MODULATION 

This is a new way of modulating a "carrier.” It consists 
of varying the timing of impulse trains of the high frequency 
wave. ’The wave is of constant amplitude which distin- 
guishes it from amplitude modulation. It is of constant 
frequency which distinguishes it from frequency modulation. 

The pulse frequency may be quite high. This means that 
a large band width may be required but in short wave work 
with'the enormous frequencies which go with short waves, a 
large band width is readily available. This is different from 
medium wave broadcasting where the ether is very crowded 
and a conference has to determine the exact frequencies 
used, and where the lo or 20 kilocycles band width needed 
for reproduction of music is hard to find. 

imp 

I 

u u li u u u u 

Ur-PUlh >-U 

Fig. gg. — P ulse-time Modulation. During Modulation 
THE Spacing Ch.anges. 

The Advantage of Pulse-time Modulation. 

The great advantage is that a message made weak by 
^ distance may be repeated by simply starting and switching 
a “local” oscillator on and off. 

The advantage of this new form of modulation for short 
waves is that short wave oscillators are difficult to modulate 
really well. In the centimetre waves for wave guides, ampli- 
tude modulation problems are serious. It is, however, easy 
to start and stop an oscillator, and this is all that is wanted 
in pulse- time modulation; you just vary the moment of 
starting and stopping a pulse. One description is that the 
pulse length is a constant time but the time of the break 
period between pulses varies with the modulation. The 
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time behveen pulses does not vary v/hen the v/ave is unmodu- 
lated- When it is modulated, the spacing varies and the 
pulses are just like the particles of air in a sound wave. There 
is “condensation”; pulses closer together; and there is “rare- 
faction”; pulses opened out, i.e. bigger spaces. Fig. 99 
shows the train of pulses of a wave unmodulated. 

There is no reason wh}' the length of the pulse should be 
constant, and the spacing varied by the modulation. The 
spacing could be constant and the pulse length varied. Fig. 
TOO shows a wave which it is desired to transmit and the 
rvay the pulses vary in their spacing. 



Detection of Pulse-Modulated Waves. 

The number of microamperes of a detected wave naturally 
varies if the spacing is varied; so it is only necessary to 
detect in the ordinary way as for amplitude modulation. 

Multi-Channel Work. 

Several conversations can be carried on over one line by 
dealing the pulses out in the way that a pack of cards is dealt 
out to several players. The “cards” are modulated ajler 
being dealt out. 
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MODULATION CIRCUITS 


T he tlirec chief circuits for modulating a carrier with a 
low frcqucnc}'' wave are: 

(i) Anode bend modulation (often called grid modula- 
tion); 

(2) Choke Modulation. 

(3) Octode Modulation. 

These will be considered in order and arc shown in Figs. 


101-104. 




Fig 101. — ^Avode Bend Modulation. 

Anode Bend Modulation. * 

The valve is worked on the bend of the grid volt plate' 
current curve. The anode demodulator tvorks by the differ- 
ence between the slope after and before the bend. This 
circuit works by the change of slope on the bend being a 
constant change of slope per grid volt. A parabola docs this. 
Consider a carrier of small volume and an audio wave of 
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larger A'olume, These are added together by pitting the 
transfonner secondaries in series (Series connection alv.-ays 
means addition) and apphdng the addition tvave to the grid. 
The loiv frequencj' v/ave may be regarded as drifring the 
operating point to places on the characteristic rvith a greater 
or lers slope, thus giving a “variable p effect" as it is called 
ivhen the same sort of technique is used for automatic volume 
control in a receiver. 

Concentrate noiv on plate current. 

The resulting plate current is noi a copy of v.hat vtas applied 
to the grid. The L.F. tvave appears, distorted, vrith a carrier 
ripple; but the ripple is more promicnad in certain places. 



■\^dien the carrier frequencj' current in the plate circuit is 
separated from the L.F. wave (which is like coke in a gas 
works, only not tiseful) the carrier is found to be modulated. 



MODULATION CIRCUITS IZg 

whidi is just wiiat is wanted. The drawing in Fig. 102 shows 
wliat happens. 

The earner need not be small in comparison with the L.F. 
A parabolic curve gives a term which is a correct product 
moment b}' moment of the two waves. Metal rectifiers 
having a similar curve will work. Grid bias of the cathode 
resistance t3'pc cannot be used since there is little plate 
current at the bend. 

Choke Modulation. 

This circuit works on a totally different principle. It is an 
experimental fact that with a correctly adjusted oscillator, the 
amplitude of oscillation depends on the length of the valve 



Fig. 103.— Choke AIodul.\tion Circuit. , 

characteristic between VoO and the bottom bend. This length 
is settled by the voltage applied to the plate as in Fig. 81. 

When the H.T. is supjilied as shown in Fig. 102, it naturall}' 
varies wth the speech wave applied to the grid of the 
modulator valve. The result is that the oscillator grid and 
plate current swing, and so the volume of carrier output, 
varies with the speech wave. 

What makes an oscillator swing to an amplitude settled 
by the Length of the straight part of the valve character- 
istic is that it builds up until the losses duo to grid current 
when it swings positively set a limit there, and the reduced 
slope when it swings the other way provide a limit at that 
end of the line, too. 
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Octode Modulation. 

The octode is only one type of valve with two "working" 
grids in addition to screens, etc. The electrons come up to 
the second working grid with its negative bias, and collect 
in a "cloud known ns a “virtual cathode”. The size of this 
cloud varies when a signal is put on the first or inner grid. . 
The size of the cloud or virtual cathode determines the "g", 
as it were, of the triode formed by ±he cloud, the second grid 
and anode. Thus the wave of plate current caused by the 
RF voltage applied to the ist working grid is made larger' 
and smaller in size by a wave applied to the 4th grid. (See 
Fig. 104). The speech wave may be put on Grid 4, which is 
the second working grid in an octode. 



Fig. 104. — Octode Modulation. 

Thus the two waves are correctly multiplied together, which 
is modulation. There are other products of modulation as in 
all three modulation circuits, and the wanted one, the modu- 
lated carrier, is selected by tuned circuits (or filters) in the 
plate of the valve. 
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DETECTION AND DETECTOR CIRCUITS 

S EEING that high frequencies only affect the ether in 
such a way as to induce an appreciable voltage in a 
distant aerial, these high frequencies can be used for trans- 
mitting without any connecting wires. Since, however, these 
high frequency currents do not affect a telephone because 
it cannot vibrate so fast, and also because the ear cannot 
hear frequencies above about 15,000 at aU (the range of sound 
frequencies is from about 60-8,000 c/s), it is necessary to 
make the modulated carrier somehow give a current of the 
musical frequencies which it carries. 

This is easy to do graphically, one must rub out the bot- 
tom halves of all the high frequency waves. Taking a modu- 
lated carrier, when the bottom or negative half is removed 
by a "one ivay" circuit the rest is shorvn in Fig. 105. This 
drawing is a series of current pulses in one direction only. 



Fig. 105 — One-Direction Current Pulses Produced by 
Modulator Carrier. 


Now average these and the result is a graph of the modulat- 
ing or musichl wave which modulated the carrier in the first 
place. 

It does not seem obvious that this wave is a faithful, though 
reduced, copy of the modulating tone, i.e. of the shape of 
the edge of the carrier, but it is, because the carrier frequency 
IS so rapid in vibration frequency compared with the fre- 
quency of speech, that no drawing of practical size can show 
the separate waves of carrier to scale, on the same scale as 
the speech. On an oscillograph the carrier is simply a 
"blurr” of light when the oscillograph time base goes slow 
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There are two detector circuits in common use as well as 
the plain diode detector circuit. 


Leaky Grid Detector. 

The circuit for this is shorni in Fig. io8. The condenser C 
charges from the radio frequency currents^ because of the 
curvature of the graph in Fig. 107. Fig. 109 is -an enlarged 
portion of Fig. 107 showing that the two halves of the radio 
wave, though of equal voltage produce currents which are 
unequal as shown by the different heights of A B and AC. 
The condenser discharge circuit is sho^vn in Fig. 109.A and 
explained more fully later. {See Chapter XXXII). 

The separate cycles of the radio wave put a charge on the 
condenser, arid this charge is bigger, the greater the amplitude 
of the radio wave. Since the radio wave is varjring in size 
with the modulation, the charge on the condenser varies 
with the modulation. This makes the condenser voltage a 
copy of the modulation. The condenser voltage is therefore 
the speech or musical voltage. The grid leak helps to dis- 
charge it during the "troughs” of the modulation. 




DtTrXTION AND DETrxTOR CIRCUITS 335 

that the two lialvcs of the grid voltage wave arc copied 
exactly to scale, but their slope being different the two scales 
arc different for the plate currents. (Fig. II2.) 

At all times and dso, therefore, on an average, the lower 
half of the wave would be an e.xacl fraction of the upper half, 
and so the subtraction would be an exact fraction of the total 
and taking an average as regards the high frequency currents in 
the plate circuit, perfect music would 
be obtained from a modulated wave. 

A certain book published for Ujc 
R.A.F. - defines detection with a 
stroke of genius as being a form of 
distortion. In practice a sharp bend 
to a plate current — grid voltage 
curve gives anode bend rectification 
to a wave, if the valve has a bias 
to the bend; and further, seeingthat I'lc. iii.—Asoor. Br.su 
all valves have a slight curvature DeTccron Cunvi:. 



I'lG. 112 . — The Opcratios or the Anode Bend Detector Circuit. 
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of the characteristic, anode bend detection is always present 
to some degree. 

With this form of detection the average plate current rises 
when tl)c carrier wave is applied, in contrast with the case of 
the leaky grid detector, where it falls. This is of great interest 
in an understanding of the circuit, but is of no practical im- 
portance. In the ideal case where the negative half of the 
carrier is wiped out altogether — never realised in practice — 
the positive halves of the modulated wave only are left, as 
in Fig. 105. 

Since an average of a loop of a sine wave is - this would 

TT 

mean that a carrier of maximum strength i volt would become 

a 

an average change in plate current of - milliamps. with a 

TT 

mutual conductance g ma /volt and no plate load. 

Octodc Detection. 

Since an octode gives a plate cuiTcnt which is, or contains 
a multiple term found by multiplying the two voltages applied 
to the two main control grids, one may put a modulated 
carrier from an aerial on one grid, and a local unmodulated 
oscillator on the other grid and get music at once if the 
oscillator is in step and in phase with the incoming carrier. 
This follows directly from Fourier’s Theorem which says 
that two sine waves multiplied together give zero average 
value, unless they are of the same frequency. 

TIic author has experimented in this direction and several 
receivers were built by him. 

J3r. Tucker of the British Post Office also developed the 
scheme independently. His circuits appear in the technical 
liress. 

Reaction. 

If a coil is put in scries with the plate, and brought near to 
the grid coil, it induces high frequency voltages in the grid 
coil. These being a fairly faithful copy of the applied aerial 
voltage strengthen this, and give an increased carrier volume 
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Applied to the grid, and so the result is much larger voltages 
and currents all round, vdth a good increase in the loudness 
of the music. This is called "Reaction”. It is shown in 
the drawing given later of a complete receiver. If the reaction 
co3 is brought too close to the grid cod the circuit, being that 
of a tuned grid oscillator, bursts into high frequenct' oscilla- 
tion and generates a local high frequency tvave. The fre- 
quenct’ is usuallt' a little difierent from that of the incoming 
carrier one is txting to receive, and the two heterodyne to 
produce a beat note. As the condenser is turned, tlie local 
oscillaticn alters in frequency and so the howl changes in 
pitch. This is the origin of the “whee-whee” heard in the 
headphones. 

Notice that the signal causes a reduction in plate current 
with this drcuit. 

The leakt' grid detector is postponed untd later. 

The treannent of ir given in this work is thotight to be 
criginal (see Chap. XXXfl]. 
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however, a resistance be put in the plate lead, the voltage 
across the resistance must vary, as current varies, according 
to Ohm's Law. Thus an alternating voltage will be devel- 
oped across it by Ohm’s Law, The alternating voltage may 
be measured separately from the steady D.C. drop caused by 
the steady plate current, by introducing a condenser at the 
plate. (See Fig. 114). 

If the resistance carries an alternating current of i ma 
and the value of it in ohms is, say, 50,000, then the pressure 
output is 50 volts, but most voltmeters are quite useless for 
measuring it — even laboratory instruments. If it is of 
speech frequency the meter must be capable of working at 


R 


A.C. vo/tage' 


Appf/ed 
alternating 
voltage I 


Fig. 1 14. — The Resistance Capacity Circuit. 

that frequency and it must be of very high impedance com- 
pared with the 50,000 ohms. A valve voltmeter of the type 
in which a small condenser is charged by diode action will do. 
An electrostatic meter is excellent if it is of a low reading type. 
A cathode ray oscillograph is good, too. Calibrate it by 
putting on a voltage from a mains A.C. plug which will give 
power to work any meter. (See Fig. 115.) See how big a wave 
one gets for, say, 50 volts or 25 volts or less. 

Multi-stage Amplifiers. 

One great advantage of the valve is that the output of any 
valve may be fed to another for further amplification. The 
problem which immediately occurs is, how should the valves 
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Fig. 115. — Calibration of Oscillograph. 

he coupled? The easiest way and about the best for musical 
or L.F. work is Resistance Capacity Coupling. 


Resistance Capacity Coupling. 

The circuit is sho^vn in Fig. 116. 

The impedance of the condenser to the lowest musical 


frequency (for nhich is greatest) should be small enough 


to "T” on to the resistance R without making it appreciably 
larger. Also R2 should be large compared nith R so as not 
to "shunt” doYTi R and reduce the alternating voltage. An 
increase in plate current due to the grid of the valve going 
less negative on one half wave of the signal voltage, will 



Fig. 116. — Resistance Capacity Coupling. 
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increase the drop across the resistance i? bv Otirn's Lav,-, 
V~RI. The restilt is a Icnvered plate voltage measured 
at the Plate, i,e, an instantaneous ~:rAtiiS,e. This has an 
efiect on the plate current, and so helps to decide the change 
of plate oirrent v/hich decides the change of plate voltage. 
Since the voltage of the H.T. batterv- is fixed, v/e mat- regard 
our amplified A.C. voltage as de-.-elopsd across R, that is 
between plate and the H.T. -r tennraal or else bet'ween the 
Pl..aTE and the filament which is the negative H.T- terminal. 
The latter is a convenient way to tidnk of it. The ratio of 
alternating voltage developed betvreen plate and filament (ox 
across R) to the voltage applied to the grid of the same s-ah-e 
Is called the stage gain. 

Apply 1 volt to the grid, and call the plate voltage change, 
X. Think of the i -volt as an alteration of the grid bras, rather 
than alternating for the moment. TT^e current in the valve 
would be "g" alteration if the plate -voltage did not *varv- 
There is an alteration of plate current caused by the -variation 




X of plate voltage -,vhich is by the meaning of Rs the plate 

impedance. The nett change of plate current is then an 

increase g less a decrease of ~ which is. g ~ b-ut the ■/, 

Ac J'-c 

is the drop across 2?, so try Ohm’s Larv again V = Rl, sox — 

r s. Jix 

J v/liich IS X — ^ — Rg. Solve tor x and x = 

but Reg is the fx of the -vakve by Ohm’s La-.v so we 
1C 


Ra . 
h&ve X 


,tR 


for the staee gain. 


R -vRn 

Since the stage gain is the v-oltage across the resistance i? 


the current in 2? is winch is the current -,'.mch a -v-oItage 

IC -7- it 2 

[i 'would put through R and 2?c in series. The valv-e therefore 
acts as though the application of i volt to the grid sets tree 
fx. 'volts inside the valve, even when there is an external load 
in the pLate circuit. 

It is sometimes asked why one cannot think of the stage 
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gain as the voltage drop in the Ra of the valve. This is not 
right, because there is the live voltage /x in the valve. The 
drop across Ra is not the sole internal voltage. Subtract 

from [I and the stage gain is „ _ as before. 

R + Ra R + Ra 

Example 15. A valve with /x = 39 is used with an 
external resistance of 20,000 ohms. It has a plate im- 
pedance of 10,000 ohms. What is the stage gain? 
ig 39 X 20000 ^ 

R + Ra 20000 -f 10000 

This means that an alteration of a volt in the grid bias would 
cause 26 volts alteration in plate voltage. If the grid is made 
I volt more Negative the plate is 26 volts more Positive, 
and vice versa. 

One volt R.M.S. alternating current on the grid causes 26 
volts R.M.S. at the plate. One volt maximum value causes 
26 volts maximum value. It is proportional as long as the 
curved portions of the characteristic are not encroached upon. 
Half a volt gives 13 volts and so on, if the Stage gain is 26. 

Transformer Coupling. 

The primary of the transformer ought to be of such a high 
impedance that LW is big enough even at low frequencies to 
make the full voltage Vq developed in the valve appear 
across the primary. For this, since LW is "Teed” on to 
Ra at light angles an LW of 3 times the plate impedance is 
enough. If one wishes to go down to 50 cycles with a 10,000- 
ohm valve, then LW should be 30,000 ohms at least. At 
50V this means about 100 henries. Then nearly p, volts will 
be developed on the primary for i volt on the grid. The 
secondary voltage is n/j, if the turn ratio is n step up to the 
next valve. 

Example 16. Find the Stage gain with the previous 
valve coupled by a 4 : 1 transformer of good design. Here 
pn = 39 X 4 = 156. 

Class B Amplification. 

For audio work one must work on the straight part of the 
valve curve unless a push pull circuit is used, but it has been 
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found an advantage to let the grid go positive and obtain 
bigger plate currents. The jjrevious valve must deliver 
grid cuirent to the grid of the vab.*e in question so the imped- 
ance looking back should not be too high. The pretious 
valve Ls then a kind of povrer valve and is called a "driver”. 

Povrer Valves. 

Valves are used to produce an amplified voltage to go to the 
grid of the next valve, but finally currents in — say — ^the lotv 
resistance speech coil of a loud speaker must be produced. 
In order to get big enough currents a larger size of valve is 
used v/hich vdll give big variations of current. The plate 
impedanoj vdll be fairlj' lo'.v. Suppose it is t ,000 ohms. One 
now matches the speech coil v/hich may be 6 ohms to the valve 
hy a transformer. The turn ration here would be fri == 

or 11^ — 160 making n about 13:1 step dovm. 

Push Pull Circuits. 

The greatest distortion caused by the curvature of the 
valve characteristics is found in the last valve. A push pull 
circuit is one using two valves as shcr/.m in Fig, 117. As the 
-upper valve draws more plate current when its grid goes more 
positive, the lower valve draws less, because its grid then 
goes more negative, 'fliis is when the pressure in the input 
transformer acts “up-.'/ards”. 

The point is that, coring to the varjing steepness of the 



Flo. 117. — Push Pcvz. Ahfliticatioii. 
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valve curve, the current in the upper valve increases more 
than the current in the other decreases. Like a tired and a 
fresh horse, they give a good result between them. The out- 
put is the sum of the "increase” and the “decrease”. Next 
half cycle it is "decrease” for the top valve and "increase” 
for the lower one, and this half of the wave is amplified like 
the other half. If the characteristic curve is Current = a -j- 
bx -{- cx^ when x is made negative for the second valve the 
result is a — 6^ -f cx^. These are subtracted as the turns 
on the output transformer go round opposite ways and we 
have nett magnetising effect = 2 bx, which is proportional 
to X the grid voltage. The cx- goes out showing no sin^ » 
which means no second harmonic in the output, which would 
arise from the curve of one valve only. Also the steady plate 
currents do not saturate the core of the transformer. They 
cancel. The grid bias is caused by the resistance B which 
need have no condenser across it. The resistances S, S, in 
the grid leads are to prevent high frequency oscillation being 
set up. The grid filament capacity — in this drawing it is 
grid cathdde capacity — ^is of low impedance to very high 
frequency. The charge currents would find a big presstire 
drop across S and this helps to prevent such currents from 
flowing, if they otherwise would do so. 

The resistances are called "grid stoppers”. 
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HIGH FREQUENCY AMPLIFICATION 


I N view of the difficulty of detecting small currents and 
small v'oltages because of the “square law” of the 
detectors, one amplifies the carrier wave before detection. 
In the early days the triode was used, and it often burst into 
oscillation, because of the plate-to-grid capacity making it a 
Tuned Grid Tuned Plate OsdUator. To overcome this, neu- 
tralising circuits were used, one of which is shown in Fig. ii8. 
The grid may have the usual tuned circuit across it, to 

filament, but the 

H.T.+ 

_J 


€ 


I 


essential feature is 
the very small 
neutralising conden- 
ser A’, which is con- 
nected between the 
opposite end of the 
plate coil to the one 
on the plate and the 
grid as shown. 

The H.T. is put on 
at the middle of the 
coil or thereabouts. 
Regarding this as a point of fixed potential, if the plate 
pressure rises during one half of the wave sending a capacity 
charge current to the grid, through the internal plate to grid 
capacit3'^ of the valve, the other end of the coil falls in potential, 
and because it falls, it draws a reverse current through A’’ 
and so the grid is not affected and self-oscillation is prevented. 
Capacity Ts equals Valve Plate Grid Capacity'. 


Fig, 1 1 8, — Neutk-^i.isatio:i 


The Use of the Tetrode. 

The screened grid valve, or tetrode, has a screen between 
the grid and plate. This isolates the t^vo and prevents 
oscillation. The screen grid should be kept at a high tension 
somewhat imder that of the plate and should be connected 
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to filament by a condenser to keep its voltage from fluctuating 
at the high frequency being amplified. 

In addition to avoiding oscillation, the tetrode, having a 
high impedance, gives far better amplification thus: Suppose 
the tuned plate circuit has an impedance at resonance of 
50,000 ohms. Suppose the triode has a mutual conductance 
of 3 ma /volt and a plate impedance of 10,000 ohms. The 
[j. is 30. If the tetrode has the same value of g, i.e. 3 ma /volt, 
its impedance will be much higher, say 200,000 ohms. The 
[j, is now 600. 

The 50,000 ohms of the tuned plate circuit makes little 

difference to the tetrode and the results of the calculations 

of Stage gain are seen to be: 

30 X 50000 _ 

— 25. 


The tetrode: 


Triode: , 

00000 

600 X 50000 


= 120, and it would be more 


250000 

still, if the external circuit had a higher quality, i.e. higher 
impedance in tune. The circuit is shown below. 



Fig. 119. — The Tetrode for H.F. Amplific/ 
The coils may, and usually will, need to be sc 
each other in metal cans, and also the grid lead 
be run in a screened sleeve and the screen earthed 
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The H.F. Pentode. 

The high frequency pentode is as easy to use as the tetrode, 
because the makers usually connect the suppressor grid to 
filament or cathode inside the valve. Both valves give high 
amplification, and the grid is usually lead out at a top cap or 
else the plate is, instead. This separates these leads from 
each other, and helps to prevent self oscillation.' 



A tuned grid circuit may also be used to couple one valve 
to another, or else a tuned transformer may be used, as in 
Fig. 120. Both grid and plate coils may be turned with 
separate condensers. This is, then, a band pass filter coupling 
circuit. A still better method is link coupling, which is also 



Fig. 121. 
“Link" 
Coupling. 
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a band pass circuit if the coupling coils in Fig. 121 have the 
correct coupling for it. 

Link Coupling. 

The link coils consist of a few turns coupled to the main 
coils. The leads from one link coil to the other are crossed 
over to avoid the mre loop generating magnetic fluxes, and 
inducing curre ts in adjacent conductors. Being coils of 
few turns, the link coils are of low impedance. This means 
heavy currents and low voltages, giving freedom from setting 



up interference with other circuits. The drawing incidentally 
shows indirectly heated valves. 

Some of these circuits, all in fact so far described, can be 
used for amplifying a modulated wave as the couplings, 
especially the band pass couplings, give the necessary condi- 
tions. \Vhen it is desired to amplify an unmodulated carrier. 
Class C amplification is excellent, as it makes a small valve 
do the work of a big one. 

The link coupling circuit is.particularly suitable for this, as 
the essence of Class C amplification, as it is called, is a tuned 
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plate circuit not over damped. The val've has a bias much on 
the left of the bottom bend and the grid ■>vorl 3 on the peak 
of the input wave only. (See Fig. 122). 

The plate circuit is a rescrcoir of energv and its osdliatioris 
v.'ordd persist for a time if the input were cut oh. The tuned 
circuit is called a "tank" circuit and the coil a “tanlr” coiL 
It is kept in oscillation bj- the peaks of the input waves. The 
grid may go positive or it may not, depending on amplitude 
of grid input. 

circuit is efficient as far as the valve is conoemed because 
high voltages and powers in watts are not wasted on the plate. 
The valve is made suddenly to conduct v.'ell by rhe peak of 
the input wave. This means that most of the H.T. voltage 
is across the timed circuit and verj' little across the valve. 

When there is much voltage on the plate itself the valve is 
not conducting, because the grid is very negative and so there 
is no plate current. Since Potver = ^Vdtage X Current 
there is little power v/asted in the valve itself at any pan of 
the C3'cle. 

If the grid is made positive in a large valve, a good deal of 
power is used on the grid and a "mains power unit” may be 
needed to supply the grid bias. A stage %Tith bias derived 
from the charging of a condenser in the grid lead must not 
have the H.T. supply on the circuit unless the input wave 
is already on the grid. Othen'-dse much current will So'v 
under high voltage on the plate and harm the valve. 



CHAPTER XXI 

MATCHING IMPEDANCES BY A TRANSFORMER 


I N the early days, it was a well known rule that the greatest 
power in watts was obtained from a battery in a resist- 
ance whose value was equal to the internal resistance of the 
battery. A low resistance gave poor voltage across it and a 
high one poor current in it. In each case one multiplier of 
W VI was small. 

E 

The current is where R is the internal resistance and 

R X 


X the external. 


The voltage on x is 


-pr—; — and the power 
R + X 


E^-x 

{R + xy 


(Differentiating and equating to o in the usual way 


gives the result at must equal R for maximmn power. There 
seems no easy way to prove this apart from calculus.) 

When dynamos were invented the same rule was dragged 
in "by the horns” to make the armature resistance equal to 
that of the load.- Half the power is wasted Inside the dynamo 
in that case. Edison showed this was wrong policy, and as 
the maker can give the dynamo a very low resistance the rule 
should not be used. A valve maker cannot make valves of 


as low an impedance as he wishes; so with a given valve one 
is back to the old battery technique, but with A.C. not D.C. 
using transformers to "alter” impedances. 

Suppose now one has a load of impedance lo ohms and one 
connects a transformer of 2:1 step down-ratio, applying 120 
volts to the primary. The secondary voltage will be 60 and 
the ciurent 6 amps, in the 10 ohms by Ohm’s Law. Assuming 
no losses and negligible magnetising current in the transformer, 
i.e. a "perfect” transformer, often called an ideal one, the 
primary current is 3 amps. In an ideal transformer the pri- 
mary current will be in phase with the applied P.D. if the load 
on the other side is a pure resistance. The circuit consisting 
of the resistance and transformer "looks like” a resistance of 
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Here L is the primary inductance but L-M is the primary 
leakage inductance. If L is small, M will be, and M is across 
the line which would be bad. .If L is very big so is L-M 
and blocks the current on each side of M in the equivalent 
circuit. 

The two pieces L—M are called leakage inductance. This 
is a device for understanding how the leakage flux and 
magnetising flux, affects a i : i transformer. With other 
ratios, just multiply voltage and current in the second winding 
by the turns ratio. As well as having the correct turn 
ratio, in practice, since a transformer has only a finite induct- 
ance in its windings this ought not to be too low or else the 
windings tend to ‘‘short circuit” the voltage being trans- 
formed. The inductance should not be much too big either 
or the L—M being big will keep current from entering the 
windings. 


Proof to Maximum Power Rule: External Resistance 
Equals Internal, 

This proof without calculus uses rules which are useful 
when calculus is used. 

As shown above Power = 7,.— — r- 

{R + xY- 

If this is to be a maximum since A is a constant neglect the 


multiplied E- so 


(A 4 - xY 
(R - 4 - xY 

turned upside down h -,— ! — - must be 


- . must be a maximum. If so, when 


X 

R^ 


a minimum. 


Multiply out and it is 2R -{■ x. 


R 


Since R is constant one could divide by R and [- 2 4 - 

X 

-5 should be a minimum. So — - 4 - ^ the variable terms must 
R X R 

R I 

be a minimum. Call — a new variable Z. Then Z - 4 - 77 
X Z 

is to be a minimum. 

So we have 


L 
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A Number -|- Its reciprocal 

to be a minimum. It follows 2 = 3 say gives the same answer 
as 2 = ^. Also 2 cannot be' big for 2 + - to be a minimum. 
It must be near to i. 

... .. . II r... .1 I I . 1 0 

Suiiposc it IS - . Then 2 4-;,= 4 

10 ' 2 10 II 

Tliisis I 4- .iV + I ~ nV = 2 4- ^ . 

This is gi'eater than 2 because -jtj i^ bigger than . It will 

Tv 

always be a bit greater than 2 unless 2 or -p is equal to i when 

A' 

R X 

there is a proper minimum of -7 4- is meaning Maximum 

% Jv 

Power. 

— = I means R = x, which proves the theorem. 

X > 
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HETERODYNE DETECTION 

W HEN a carrier is sent out unmodulated, after detection 
it cannot be heard because the resrdt is D.C. If, 
however, an inteirupter is put in to chop the wave up at an 
audio frequency, say 500-wave trains, i.e. prdses,of carrier 
frequency per second, this vdll give an audible note in the 
receiver every time the key is held down to send a dot or a 
dash. Another method of getting a musical note is to employ 
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going the same way. The result is that they sometimes add 
and sometimes oppose each other, as shov.'n in Fig. 124. 


The Study of Beats. 

The beat v/ave which is thfe addition of the two plain ones 
is not a modulated wave, for the tops do not h'e on a sine 
curve at all but form a series of hoops, i.c. v.ith a sharp comer 
at the bottom which differs from even a roo per cent modulated 
wave, shown in Fig. 125A. 



Fig. I25A. COIIPLETBLY ylOVVLATED WaVE, 


The reason is that a modulated wave has three sine waves 
in it, not two. It has some “free" carrier. The beat wave 
has a peculiarity which is not obvious — it is this, while the 
ncv/ “iTequency” (if one may use the term, meaning the 
number of times crossing the zero and back per second) is 
the average of /j and /j the waves in the second beat are all 
upside down in comparison with the tvaves of the first and 
third beats and so on. This is seen from 


Sin A A- Sin B = z Sin — 
The 2 shows that the beat wave : 
e-ach of the separate waves, the Sin 


- 77 _ A-B 

COs 

2 2 

-'S twice the amplitude of 
shows that the wave 


2 
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as rcgarcls rate of vibration has a "frequency 


>. A + A 


and the 


Mui-TiminD Cos ^ shows the slow variation to be a 
2 

co=inc for the shape of the envelope; but a cosine changes 
from -f- to — after the first quarter cycle, so the true envelope 
is not the scries of hoops but the thick line shown in Fig. 124. 
That is "Why we say that the beats are alternately "right” 

and "wrong” way uji. If now some Sin (^) , which in 

modulated waves is the carrier, is added, then beats r, 3, 5, 
raise the carrier amplitude and beats 2 — 4 — 6 depress it, 
giving the usual modulated wave shown in Fig. 125B. 
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For hctcrod\me reception the local oscillator may be a 
separxite v.alvc and there may be a buffer stage, i.c. an extra 
valve l>et\\cen the oscillator and the detector to prevent the 
incoming uave pulling the oscillator into step when the beat 
note would disappear altogether. {See Fig. 126). 

The Superheterodyne Receiver. 

Thi^ receiver like the turbine was invented early, made little 
headway bec.auso of lack of mathematical work and lack of 
undcrslandiiu: of the exact princijiles involved. Both fell 
into disuse and were 'Tedi'-cos-eted,” finally becoming vert' 
pojHilar and succc.-sful. 

'I'lic principle is tiiat a local oscillator i« used to give a 
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electrons up in a | ^Anode 

cloud. The result g Suppressor Gnd 

is that the second — Screen 

grid and plate ” 

form a valve y~SSSSJ-S.Z-^^^Oscl/lator Plate 

which has a /- Oscillator Grla 

mutual conduct- / \ Cathode 

ance controlled by i J 

the first grid. A Neater 

further develop- J27. — the Octode. 

ment was to put a 

grid above the first so that these can form a Meissner or 
other oscillator. The grids are named on the sketch, Fig. 127. 

The difference of principle is that the intermediate fre- 
quency currents are found in the anode or plate circuit because 
the plate current contains a term which is proportional to 
Fci times F04 or (sin WJ) (sin TF^^) which is i Cos (H^o— 

- I Cos (IF„ -1- W,)t. 

As the oscillator siving is increased, a sort of overloading 
takes place, so that the volume of intermediate frequency 
current in the anode is no longer quite proportional to the 
oscillator voltage, but apart from that, red multiplication 
takes place, even when the valve with fixed D.C. voltages 
on Gx gives a series of straight lines when curves of F04 
against Anode Current are obtained. 

In practice, the characteristic lines are curved to give auto- 
matic volume control but this is bad policy for that could be 
obtained without curving valve characteristics at all. 

In automatic volume control one works on the steep or 
flatter part of the characteristic to vary the amplification. 


Inrermediate Frequency Filters. 

To filter the intermediate frequency and pass it on to be 
amplified, tuned transformers are general!}'’ used. After this 
the volume ma}’’ be as .high as several volts, so diode rectifica- 
tion may be used to advantage. Sometimes the diode is 
made part of the output valve. 


Advantages of tlie Superhet. 

The outstanding advantage is that one has a band pass 
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filter or even several such filters, which greatly adds to the 
selectivity of the set, without having to retune these when a 
fresh station is wanted. The oscillator must be retuned, and 
the H.F. circuits; leaving a constant difference (which is the 
I.F.) between the two. Further, since the I.F. is a different 
frequency from the signal frequency, the risk of feed back in 
the amplifier from later to earlier stages with consequent 
bursting into self oscillation, is smaller than in a straight set 
of equal amplification. Probably the only disadvantages of 
the superhet which are inherent in it are the complication, 
and what is called the Second Channel Interference which is 
caused by a station which has its frequency on the “other 
side" of the oscillator frequency from the station being heard. 



Fig. ,j28, — ^Tjie Supersonic Hp-terodyne Receiver for Speech 

AND Music. 


and having an equal spacing in frequency from the oscillator 
to the desired station, lliat makes the I.F. the same for 
the two stations, so that both could, unfortunately, be heard 
together. 

The block diagram of a superhet is as shown in Fig. 128. 

The oscillator portion of the octode is now frequently made 
a separate part of the same valve from the mixer portion 
which becomes a hexode. The triode oscillator grid is con- 
nected internally to the second input grid of the mixer. 
There is for one thing less danger of pulling jnto step with 
these triode hexodes. 

Selectivity. 

With the usual form of resonance curve the peak is sharp if 
good quality coils are used. For example, if Q — -200 then 



HETERODYNE DETECTION 


l6l 



Fig 129A — Selecting a Weak Station over a Strong Station 

the current in a series circuit falls to 70 7, per cent of the 
resonance current when the carrier is half of one per cent off 
resonance. At a carrier of a megacycle that is 5,000 cycles. 
Since a carrier modulated by 5,000 cycles has side bands 
5,000 c/s on each side of the carrier, the two si V’ ' cor- 
responding to a 5,000 cycle tone will be reduced ent 

of the full strengtli with 
one stage of tuning alone. 

The overall resonance 
curve of a receiver needs 
to be very sharp, because 
all the transmitters which 
are working generate 
voltages in the aerial of 
the receiving set, and 
only the tuned circuits in 
the receiver prevent one 
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carrier rvave of the desired station is received across the 
tuned circuit at strength A but the unwanted one is received 
at strength B if both stations are equally strong in the 
district round about the receiver. In practice that is not so; 
one often wishes to art out a strong local station and hear a 
distant and, therefore, weak one. This either means more 
tuned stages or else a heterodyne principle. In a superhet 



Fig. 130, — Circuit EginvAiEuxs or Tuited Teajisfoeue?., 
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the IF transformers form band pass filters. The resonance 
curve of such a filter is shoum in Fig. 129 (6). 

The effect' of using plain tuned circuits sharply tuned to 
give good selectivity is to reduce the voltage of the side band 
frequencies of the high notes. Being further from the carrier 
than the low notes they come lower down the steep sides of 
the resonance curve, as at S S in Fig. 129 {a). The result is 
called "side band cutting" and means a loss of high notes in 
music and of the consonants of speech. 

The two side band frequencies corresponding to a pure 
musical tone and of strength S as a voltage on the tuned 
circuit heterodyne each other to produce a beat and as there 
is the free carrier present they form up as a modulated wave 
to go to the detector. 

It is not easy to see how it is that the tuned transformer 
is a band pass filter but it can be proved from the fact that all 
the circuits shown in Fig. 130 are equivalents. That is to say, 
they act exactly alike whatever the "nature of the source, 
the nature of the load, and the frequency. The final circuit 
is a bridge circuit which is much “out of balance” at the 
frequency of resonance of (L + M) and C in parallel, giving 
a big output voltage. It is much out of balance again at 
,the resonance of L-M and C in parallel— a higher frequency. 

The resonance curve can have two peaks, one on each side 
of the carrier or intermediate frequency to which the LC 
value of the separate windings is tuned. The circuit is 
equivalent also to a well known band pass filter used in 
telephone work. From such theory it is evident that tuned 
transformers would work better all connected in cascade, 
followed by the valves rather than having a valve, an IF 
transformer, another valve and so on. 

To overcome the side band cutting, tone control in the 
L.F. stages is quite common, and is superior in practice to 
receivers without it. 

Band pass filters are well known in “carrier” telephony for 
putting several conversations on one pair of wires. 
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the upward edge B of the cylinder. As it approaches, it 
experiences a force which is backwards (i.e. right to left) and 
also downwards. After passing the ring it is forwards and 
dowTiwards. The result is to bend the path do\vnwards as a 
convex lens bends a ray of light downwards. The effect is to 
bring the beam to a focus. Indeed the same mathematical 
formulas' describe both the electronic and the optical case, 
a truly remarkable fact. 

The next thing is to deflect the beam; and a pair of hori- 
zontal plates will deflect the beam in a vertical or Y direction 
as it is called. (See Fig. 132). 

There are also two plates side by side to deflect the beam 
sideways, so that a voltage applied to the second set of plates 



Fig. 132. — ^The Deflector Plates in the Oscillograph. 


gives an X motion which is independent of the Y motion 
produced by voltage on the Y plates. 

A steady voltage just moves the spot to another position 
and makes it stay there, but one ought to beware of letting 
the spot stand still because it “tires” or "-bums” the screen 
in that place. In order to make a visible pictmre one sweeps 
the spot from left to right and back by putting periodic 
voltage on the X plates. To draw a-graph of a given voltage, 
one then puts this second periodic voltage on to the Y plates 
at the same time. The spot moves in a curve which can be 
the desired graph. Happily the deflection in any one,-and so 
in both X and Y directions, is proportional to the voltages 
at that instant on the X and Y deflector plates. 

To draw a graph of a voltage wave to a time scale on the 
axis of X one must appl}' a voltage to the X plates which is 
proportional to “ time”. Then since deflection is proportional 
to voltage, we have: 
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Fig. 133. — Graph or Voltage Required from a Time Base 

Circuit. 

Deflection proportional to Time, which is what is wanted. 
The “sweep" voltage must have a saw-tooth form shown 
in Fig. 133- 

Synchronisation. 

The saw tooth wave sweeps the spot across the screen as 
the wave to be viewed moves it up and down. Even at a 
low frequency the wave is described too fast to be seen so it is 
made to go over exactly the same ground again and again. 
The picture then appears stationary for the same reason that 
a motor car wheel may in the cinema — the next spoke comes 
into the same position just as the camera flicks. 

The wave being viewed is made to trigger the time base 
just to help the two to keep step, otherwise the picture of 
the wave as seen on the screen appears to move slowly back- 
wards or forwards. 

The circuit for generating the saw tooth wave is usually 
mounted in the oscillograph case. 

Time Base Circuits. 

The simplest way to generate a saw tooth wave is to charge 
a condenser with a steady current and discharge the con- 
denser at intervals. The plate current of a pentode is fairly 
constant, even when the voltage across it falls (Sec Fig. 134), 
when the condenser begins to charge. 

The condenser is shunted by a special valve called a gas- 
filled relay, which discharges the condenser when it reaches 
a certain voltage. 

The modem circuits are, however, of the multivibrator type 
described later. 



Oscillograph 
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When looking at a wave 
to see what shape it is, a 
series of gently sloping 
lines across the screen 
means the time base is 
far too fast. A series of 
close vertical spikes 
usually means it is too 
slow. A change of con- 
denser provides a coarse 
control of the time base 
frequency and altering the grid voltage on the pentode 
charging the condenser gives a fine control. The modem 
time base will sweep at a- quarter of a million sweeps per ' 
second. 

In starting an oscillograph, first put it out of focus in case 
the time base is slow to start. A wide blurred patch of light 
will not harm the screen. After use do not turn the " velocity” 
and "condenser” controls of the time base to "off,” but turn 
down the "brilliancy” of the beam only. 

TELEVISION, 

In the home television receiver, an oscillograph is arranged 
with the spot slowly moving down the screen but rapidly 
moving to and fro across it as one reads a page of print, only 
much faster. The incoming rvave alters the brightness of the 
beam and this makes the picture. There is a spot of light 
“scanning” the person or scene to be televised at the trans- 
mitter. The reflection is used to control the size or in other 
words to modulate the outgoing wave from the television 
transmitter station. 

Different systems vary much, and the original scanning 
spot at the transmitter has been done away with. 

Its place is taken by a steady even light — as used in film 
studios. 


l/alve. as a 
Resistance 


Fig. 135, — Time Base Circuit 
Simplified, 


ELECTRON MICROSCOPE. 

The cathode ray oscillograph has been developed into a new 
and wonderful microscope of exceptional magnifying power. 


ilHh 
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THE LOW PASS FILTER 


T he simple Low Pass Filter is a ladder network with 
condensers for "rungs” and coils between rungs as in 
Fig. 136. 


L 

dUMSb — — — — dmsiib 


z 

-xmMr- 


L 

^SmSSLr- 






Fig. 136. — The Low Pass Filter.' 

The network has the remarkable property that currents of 
any frequency below a critical value, which we may call /„ 
win pass freely, but currents of frequencies above the cut-off 
will not pass without being much weakened. The value of 


/„ is given by/^ 


TT'V'Z.C 

In practice the far end of the filter must b^losed by a 

/- 

V c 


load, and the correct load resistance is R 


Design of Filters, 

Usually one knows the cut-off frequency /„ desired, and also 
the load resistance R; and one wants to calculate coils and 
condensers to build the filter. Multiplication gives the con- 
denser value thus: 


R/o = 


or C = 


I 

C77 TTKf„ 

and division of the two formulas gives 

/« _ 

R Lit 


or L 


R_ 

‘"fo 


Example 17. Design a Low Pass Filter to have a cut-off 
frequency of 640 c/s and a “characteristic impedance” 
of 240 ohms, i.e. work into a 240 ohm load. 

fo = 640 and R = 240 so L — 120 mh and C = 2 p/. 
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Termination of a Filter. 

It is desirable to terminate a filter in a coil of half the full 
impedance, meaning half the full inductance, or else a con- 
denser of half capacity. To build a filter ^^'ith one coil and 
two condensers for the above figures use two end condensers 
of value |c = I p/. The filter is then as shown in Fig. 137. 


A o 


0'120 henr^ 

I — - I — 


Bo 


Tl 


Imf 


7mf 


240 

ohms 


Fig. 137. — A Filter Section. 


To test the action of such a filter it is "closed” by a resist- 
ance pf value i? and suppUed with a current at fixed voltage 
but of variable frequency across AB. 

One measures voltage across the resistance R and the ratio 
of oscillator voltage across R gives the "insertion loss” due 
to putting the filter between the oscillator and the lead. 

The insertion loss is strictly: 


Log 


Voltage on R Without Filter 
Voltage on R With Filter 


An interesting experiment is to apply a square wave to the 
filter and cut off all above the fundamental by arranging the 
applied frequency to be just rmder Then a sine wave is 
seen on an oscillograph connected across R. With a higher 
value of cut-off, i.e. less L and C, the fundamental and a 
third harmonic may be seen. 


The Characteristic Impedance of a Filter. 

The characteristic impedance of a line (or a filter) may be 
defined as the impedance measured at the near end terminals 
when it is infinitely long. Or it may truly be said to be the 
geometric mean of two measurements on any length of the 
line, short or long; one being a measurement of impedance 
with the far end open circuited; the: other when the far end is 
short circuited. 

That is transmission line theory. Yet another definition 
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arises from the first one. It is this: If a line or filter has 
apparatus (it may be merely a resistance) equal to the charac- 
teristic impedance connected to the far end, then measurement 
of the impedance at the near end is a measurement of the 
characteristic impedance. In general characteristic impedance 
varies 'with frequency. 

In a low pass filter the nominal value which holds for very 


low frequencies is 


^ k 
V c 


Here L is the inductance of a whole 


coil in henrys and C the capacity of a whole condenser in farads. 
The answer is so many ordinary — that is, non reactive — 
ohms. This figure is the same whether the filter begins with 
half a coil or half a condenser. In the former case however, 
as frequency is raised towards the cut-off value the character- 
istic impedance falls to zero ohms: (the diagram is a quarter of 
a circle). The filter which begins with half a condenser, on 
the other hand, has a rising impedance curve. The impedance 
is the "reciprocal" always of the former case: that is to say, 
a filter with a cut-off of 1,000 C3'cles measured at 866 cycles. 


and having ^ equal to 500 ohms rvill fall to 250 ohms 


if half coil terminated, i.e. half 500 ohms. The filter ter- 
minated b}^ half a condenser will rise to double 500 ohms, i.e. 
1,000 ohms at 866 cycles. 

These are characteristic impedances, showing the value to 
avoid reflections. Filters still work when not correctly 
terminated. 

Their theory is a little study in itself and there are text- 
books dealing separately with the subject. 
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DIRECTION FINDING 


T he ordinary frame aerial is directional since it must be 
turned so that the magnetic flux from the transmitter 
will cut it, if voltages .are to be generated in the turns. 

The lines of magnetic flux are in ever expanding circles 
round the transmitter and the greatest effect is obtained when 
the plane of the frame forms a radius of the circle. See Fig. 139. 


A 


« « « • • 

, , 

• * « • * 

f/ux ■ 

• » 


Transmitter 


B 


D 


Fig. 139. 
The Strongest 
Position for a 
Frame. 


Certainly the flux cuts the side AB and also cuts CD pro- 
ducing voltages in the same vertical direction but opposing 
in the turns of the loop. When the wave is at a maximum or 
peak value of the sine curve at AB, however, it is not a 
maximum at the place CD\ thus there is a differential action. 
A better way to think of it is the total flux enclosed by the 
turns. If the frame is turned, looking at a plan view shows 
that the flux embraced is reduced in the ratio i : Cos Q. 
See Fig. i/|o. 

If then one plots the strength received on a polar diagram 


Fig. 140. — The Frame Aerial. 

Note that when this is turned 
through the angle 0 from its normal 
position the received signals are 
weakened in the ratio of 1 to 
Cos 0 . 
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Fig. 141. — Ordinary FrAwe Aerial Showing Two Positions of 

Silence. 


the equation is y — Cos d- On such diagrams there is a point, 
the pole and a line through if. The "r” is the length of the 
"radius vector’’ from the pole and the angle in the equation 
is the angle betw'een the radius vector and the fixed line. 

The diagram for r = ± Cos 6 is shown in Fig. 139. It is a 
couple of circles. 

There are two positions of "zero signal’’ 180° apart so if 
one turns the frame round until there is full volume one knows 
that the distant station is along the line of the frame but one 
does not know which direction it is, because it may be for- 
wards or backwards as shown in Fig. 1^2. The positions of 
silence are go° away from the positions A and B. 

The drawing is a side, and not a top view, or plan, like Fig. 



Fig. 142. — ^Two Positions of Loudness of an Ordinary Frame 

Aerial. » 

(The two Positions of Silence axe at right angles to the page.) 

The station may be at ^4 or at £ in the dra\ving. If now a 
vertical aerial is combined with this frame aerial and adjusted 
by the resistance R (See Fig. 144) to give the same loudness 
by itself, then since the vertical aerial always gives the same 
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equation now is 
143 and the effect is seen in Fig.?r74.^ ^ 
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FREQUENCY MULTIPLIERS 

S INCE it is hard to make a stable oscillator as regards 
frequency, quartz crystals are often used but when these 
are cut thin for short wave work they become fragile and 
though they are now being made for frequencies of several 
megacycles, there is an alternative. A crystal controlled 
oscillator may be built for a lower frequency than the desired 
carrier and then the lower frequency wave from the oscillator 
may be put on to the curved part of the characteristic of, say, 
a triode and the plate circuit may be tuned to the ’second 
harmonic or even to the third harmonic. In this way a 
multiplication of frequency is secured. The process can be 
repeated. 

The circuits look, on paper, and in the apparatus, very like 
plain high frequency amplifiers, but the coil sizes and con- 
denser sizes, too, become smaller as one goes from stage to 
stage of the multiplier. 

The Theory. 

Consider one stage only at a time. 

If a valve characteristic has the form of a parabola con- 
taining a! term y = x~ where y is the plate current and x the 
grid voltage, then when is Sin wt, the plate current contains 
a term Sin= wt with other terms such as Sin wt — a copy of the 
original oscillation — added. 

The Sin= wt term is equivalent to an alteration in average 
steady plate current together with a double frequency, as may 
be seen from the formula Cos 2X=x — z Sin^ x, which is well 
knowTi in trigonometry. 

The Sin“ x = \ \ Cos 2X. 

The t by itself is the alteration in steady plate current • 
and the — i Cos 2X is the double frequency. The | in I- 
Cos 2x refers to its amplitude and the — sign and the Cos 
refer to the phase in comparison with the input wave which 
does not matter a bit. ' 
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Frequency Trebling. 

If the valve characteristic contains a cube of .v m its alge- 
braic equation, which it does in addition to a square of x, 
then there is a term in Sin® .v or Sin® -ai in the plate current 
witli other addc^i terms such as Sin® zct and Sin <rf. As stated, 
when such terms are added terms one maj' pick out any 
frequenc}' bj' a tuned circuit. 

The formula Sin 3^ = 3 Si a .t — . 4 Sin® x, also well knomi, 
shows that Sin® x = | Sin x — ^ Sin 3X. The Sin 3 v is a triple 
frequcncj’ cun'cnt. The quarter as a factor in ^ Sin 3X shows 
that it will not be as big as the double frequenc\\ other things 
being equal. It all depends on the shape of the Va — Ip 
characteristic curve of the valve how big the “a” and "b" 
of the equation y — c-\- kx -f- av® -j- Zja® for the curve, happen 
to be. 

In practice a stage of plain “amplification” maj’ be intro- 
duced between each two multiplier stages to give greater ease of 
selecting tire desired harmonic. These are called buffer stages. 

The difference between doubling and trebling is merely 
in the tuning of the circuit. (See Fig. 145 and 146). 



Fig. 145. — Frequency Doubler. Fig. 146. — Frequency Trebles. 


Quartz Crystals. 

The action of a quartz crystal, used in place of the usual 
tuned coil and condenser in a circuit such as an oscillator or 
filter is dependent on two electrical effects. One is that an 
electrical pressure applied to tlie sides of the cr3’stal causes 
it to expand or contract sideway’s. The effect is greatest 
along the electric axis. 
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The crystal has its mass and springiness at any frequency, 
so both are present as regards the mechanical vibration. 
Thus, electrically the cr3'stal behaves like a series tuned 
circuit. See Fig. xqbA. 

O MAAAAAAA/^ 1 | TSMTOOMP O 

Fig. 146A. — ^The Circuit Equivalent to Quartz Vibrating. 

The small resistance is settled by the losses, and a great 
advantage of a crystal is the smallness of this "resistance.” 
The ratio. of reactance to resistance, called Q, is enormous. 

The quartz plate is coated with metal on each side in order 
that the applied voltage shall reach the whole plate. This 
results in a small capacity wherein the crystal is the insulator. 
The circuit is shown in Fig. 146B. 


Fig 146B. — The Equivalent Circuit of a Crystal (with 
Capacity of_Plating). 

This in turn may be "woven” into oscillator and filter 
circuits but it is a bit like building a house with natural rock 
rather than with ordinary bricks; more skill is needed because 
the sizes may not be quite what one would prefer. Loading 
of the crystal mechanically as by making it support a column 
of mercury lowers its natural meclianical frequency of vibra- 
tion and its frequency of electrical resonance, as it is in 
resonance electrically when it is in resonance mechanically. 

The crystal has a very high Q and keeps an oscillator steady 
in frequency. 
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A.G. BRIDGES 

J UST as resistances can be measured on a Wheatstone 
Bridge with a battery and galvo, inductance and capacity 
can be measured %vith a bridge using a source oi alternating 
current instead of a battery and instead of a galvo a telephone. 
Silence in the phones means a balance. This arrangement 
using a telephone is good in the audio range down to about 
400 c/s when the telephones begin to lose their response. 
Then, a cathode ray "magic eye” indicator with a filter to 
cut off harmonics is excellent. The bridge principle is seen 


A 



in Fig. 147 tor comparing an unknown with a known con- 
denser. The known one may be good, with negligible loss. 
It it is, one puts a resistance in series with it so that it is as 
bad as the one to be tested, and this enables a good balance 
to be obtained. 

If a = 6 then C ~ Cs. It is not enough for the current in 
“a” to equal the current in “b” so that the voltage {ah) 
equals the voltage {bh). The phases must be the same too, 
then ii a ~ b the phase and size of voltage between A and B 
equals that between A and D and so the voltage between 
B and D equals zero and there is balance, i.e. silence in the 
phones. 
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A.C. BRIDGES 

Some bridges are hard to balance, others 
are easy. What makes the difference is 
probably this: In Fig. 14S let AB be the 
vector voltage^ across the “a" arm and 
BD the vector voltage across the "6” 
arm. If, when either the standard con- 
denser or the resistance B. is altered, the 
one vector moves relative to the other in 
the direction of the arrow, the bridge will 
be hard to balance because the difference, 
w’hich settles the pressure in the detector, 
vdll be unchanged. 

If, however, the head A of the vector 
BA moves in either the direction or 
AD it will be easy to balance because a 
little motion soon reduces AD ox makes 
AB = BD in length when a phase swing 
gii’es balance. To give the proofs of the four bridges in 
Fig. 149 is outside the scope of this book although a little is 
said later. 

With nothing but a standard condenser and a variable 
resistance R and a pair of ratios,- one can measure almost 
anything. Bought bridges are usually a bad investment for 
colleges and Universities. They are usually not very accurate, 
give a too restricted range of mccisurement, and often work at 
one frequency only. The method of setting up a primary 
standard of reactance used to be to use Maxwell’s equations 
to get the' mutual inductance between two rvire squares. 
This made mutual inductance the basic standard. Nowada3's 
in the frequency of the "grid” we have a standard frequency 
of undreamed of accuracy because it can by a synchronous 
clock be checked against the time "pips,” w’hich are settled 
by astronomy. A frequency bridge of the form shown in 
Fig. 150 gives Cj C3 the product of a pair of unknown con- 
densers. Then Fig. 147 gives the quotient ^ 

Q 

It is thought by the author that this will become'a standard 
method. Any -frequency which is a multiple of 50 g/s can 
be compared with 50 c/s mains by putting each on to the 
separate pairs of plates of a ‘cathode ray oscillograph and 



Fig. 148.— Vector. 
Diagram Showing 
Balancing of a 
Bridge. 
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(1) Negative Series Bridge. 
(Measurement of Capacitg) 

Reactance = 
Resistance 



„ . -jR^CcaB 

r» 

Resistance 



(Z‘) Positive Shunt Bridge. 
(Measurement of Inductance) 

^Reactance =^jCu>x 
Resistance = 

^■10^ is in, onig if C is ia/cf. 



(4) Positive Series Bridge. 
(For Jnductance[High Angie]) 

Reactances 

o . , ABRCPoP 
f<e5/staf7ce = 


^••R^C^oj^ is often negfigiMe. 


Fig. 149, — Fogr Bridges Using Capacity Standard. 
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stopping the time base. 

The Lissajous figure (see 
Fig. 151) goes round — if 
there is inaccuracy but an 
exact multiple makes it' 
stationary. So does a ratio 
of 3 to 2 say. 

Maxwell’s Bridge. 

This bridge, sometimes 
called a “Positive Shunt” 

Bridge because the standard 
Condenser is shimted by 
the resistance and also 
placed at the opposite 
side of the square to the 
"unknown,” making a measurement of coil or "positive” 
impedance. It can be made to measure quite small induct- 
ances. If the resistance arms are lo*" and 100“ or better 



Fig. 150. — Robinson Frequency 
Bridge Measures Ci, C. if the 
Frequency is Known, 
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31.6 ohms, then a 3-diaI box of condensers giving fractions of 
I mf. gives a measurement of fractions of a millihenry to three 
places of decimals. 

By using switches, all four (or five bridges with the fre- 
quency bridge) can be made up as one unit. A good detector 
is" necessary. A circuit of one is given in Fig. 152. ■ 

The I to 30 transformer was a microphone transformer made 
by S.T.C. Co. for their moving coil microphones. No other 
seemed free_ from pick-up. 

A good adjunct is a box of low pass filters with cut-offs 



Fig. 152. — A Bridge Detector. 


going up in the ratio about 3 to 4. If one is 1,800 the next 
could be 2,400 c/s" and so on. Even if the oscillator is good, 
harmonics may develop in the iron core of a coil on test. 

One needs to beware of the resistance boxes which may be 
unreliable on A.C., especially the 1,000 and 10,000 ohms 
dials owing to capacity between wires of coils wound non- 
inductively. 



CHAPTER XXVIII 


THE COMPLETE RECEIVER 

T he following is a description of a simple 3-valve receiver. 
(See Fig. 153). 

There is a tetrode for the H.F. stage, followed by a Detector 
and one L.F. stage. If battery valves are used, their filaments 
are put in parallel across the L.T. battery. 

The aerial comes to the contiol grid of the tetrode and the 
first tuning circuit is a parallel resonant circuit between grid 
and filament. The filament is earthed. Often there is a 
condenser eatthing the screen of the tetrode to high frequency 
currents. A second tuned circuit is jmt in the plate of the 
tetrode, and a '0002 nif. condenser feeds the H.F. current 
from the plate to the detector grid. If the detector is a 
leaky grid detector, the bottom of the 2 megohm leak is 
connected to the positive side of the filament. 

The '0002 mf. condenser in this case is the grid leak con- 
denser and it also keeps H.T* off the grid of the detector 
valve. A transformer with a laminated iron core may be used 
to couple the detector to the L.F. stage. If headphones 
are used these may be put in the plate of the last valve, 
unless crystal phones are used. 

If it is desired to w’ork a loud speaker, a step dowm trans- 
former is put betw'cen the valve and the speech coil. 

Reaction. 

Smooth reaction is obtained by feeding the reaction coil 
through a condenser, and if reaction is poor a high frequency 
choke may be put to keep H.F. currents from the L.F. trans- 
former and make them go to the coil. 

The Loud Speaker. 

The usual form of loud speaker is one with a moving coil 
working on the electric motor principle There is a small coil 
attached to the moving cone diaphragm. The coil is fed 
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with Speech currents and vibrates in the magnetic field. The 
energy of the current is chiefly used up in the resistance of 
the speech coU as heat and in circulating eddy currents in 
the iron which carries the flux to the coil. 

The coil measures like a resistance — almost a pure resistance 
throughout the speech frequency range and so can be con- 
veniently matched with the transformer. There is a con- 
denser needed to earth the screen of the H.F. valve, as a rule. 

In Fig. 153 the aerial may be put in A i or A3. 



CHAPTER XXLX 


STAXDIXG WA\'ES 


w 


HEX a vrave travelling along a pair of vires comes io 
the end, if the ends are "disconnected'’ sometLmes 


called open or "free," the voltage vrave is reSected bad: and 
it adds on to the original vrave causing double -.-oltz-Se. Hcere 
is no current, hovrever, at the "dis" as might i>e expected 
With a finite length of vnie rejections usually take place at 
both ends and a vrave is refiected b-adr.vards and forvards 
like a vreaver’s shuttle giving rise to a series of vraves in each 
direction. 

Like a main road there are r.vo streams of traSc, one going 
each vrajv Since sine tvaves of any one frequencrv add up 


Fio. 154, — T-.VO 
TeAV21.I.I’.'0 

tVA'i'ES Grri;.-G 
Riss VO 

STArmi’.'G Vi'avzs. 




to give a single sine vrave, so they do here, and the result is 
to give one sine vrave going from left to right and cue going 
from right to left as shovrn in Fig. 154. 

The voltage on the vrires is the sum of these tmo and a 
curious thing results from addition. It is this: Addition 
produces a vrave vrhich appears to stand still in space hut 
not in time. The peaks in sp-ace (vrhere a lamp put across tte 
vires lights brightly) are places of large alternating volt^es. 
The zero’s of the vrave in space are zero ail the time ana are 
fixed places. 

The high frequendes vrhich produce short- vraves of say lour 



STANDING WAVES 


I9I 

metres will give a standing wave such that the peaks are two 
metres apart, so two rvires put' across a room work quite well. 
The electrical vibration drawn as a graph in space along the' 
wires gives the same type of vibration as a piano string in 
sound. "There are moments of no voltage alf along the wire. 
By voltage we mean voltage across the pair of wires. The 
sequence of events is shown in Fig. 155 ; the order is i, 2, 3, 4, 5, 
4, 3, 2, and I, just like the string of a piano. The dotted line 
is the place where the drawing should end, if it is intended to 



Fig. 155. — Standing Waves. 

represent a line cut at the far end. A cut here is correct, 
since the cut end of the line is a place of high alternating 
pressure — not a zero. As regards the reflection effect, every- 
one knows what an echo is, the air cannot move through the 
surface of a rock and so another reflected wave springs up — 
the echo — adding to the original to give zero motion of the 
air particles at the rock face. It is the same here. The rock 
face like the end of the wires is a place of no current but high 
pressure. 


CHAPTER XXX 


THE j NOTATION 


J X solving problems in alternating currents, there is a 
simple routine method of calculation. It is called the j 
notation. This is v/hat one docs. One looks at the circuit, 
ard goes all round it writing JLW for each inductance, and 


o VWMA 

ma 


-iSSl5Sl3SlSLf 


JCW 


(l)— 

y 


0-! henrj) 

Fig. 15O, — Coil 12.' Series with Resistance. 
for each condcmser. Only one frequency must be used 
at onoi. For example, at 800 c/s a t henry coil is 500; ohms 

and a 2 mf. condc-nser ohms. The y is the "Square 
root of minus one ". 

This means that j /. j =■ —J always so that a condenser of 
-J- ohms may equally be v.Tittcn as having — - — j 

ohms, or replacing one "minus one" by/^ we have 

ohms. Cancel j out and it is — xooj ohms. 

The arithmetic is simply the algebra of the imaginar}' and 
one soon leanis the way to manipulate the fractions. Noiv 
a word about the underlying reasons. 

lilathematicians no’.v use the 
or the imaginary as it is callcil. 

They drarv diagrams rvith x as the 
Real axis and the y axis as the 
UNREAL — ^thus. (See Fig. 157). 

On such a drawing 37 is a vertical 
line (strictly a point on the -|- j axis) 
thus: (See Fig. 158). 

In an inductance, the voltage 
leads the current 90° so one says 
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Fic, 157 — Real a.':» 
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Fig. 158 — The J Notation. 


that where LW = 3, say, the inductance has an imped- 
ance 3; because Impedance may be called Voltage 
TOR I AMP. and the voltage must lead in a coil of negligible 
resistance by 90°. Resistances are left plain. One uses all 
the ohms, those with j's and those ivithout, like resistances, 
but the y’s must not be forgotten. Is the coil in series with a 
resistance of 400 ohms? If so it is 400 -f- 500/ for the 

impedance at 800 cycles. In parallel it is ^ut j is 



Fig 


1 59 — Impedance 
Lag. 


always the V— i. 

Since current in a condenser leads, 
voltage lags and a condenser, there- 
fore, has a lagging impedance. A cod 
of 3 ohms reactance and 4 ohms re- 
sistance has an impedance 4 -j- 
which is shown in Fig. 89. 

The hypotenuse 


IS Vy + 4 " = 5 
ohms long and 6 is an angle such that 
tan 0 = f which is 36° 50' from tables of values of Tan 0 . 
The impedance may be quoted as 4 -f 3; or else as 5 /36°5o'. 


Capacitative impedances are written as 5\37° and are called 
negative impedances. The 537 is equal to 4,— 37. 


Examples of Working. 

Let 10 volts be applied to the coil 4 -f 37. The frequency 
will be such as to make Lw = 3 for the coil. (One has to 
know / to find to = 277/ in order to say how much 7 a coil is 
in the first place.) 
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In Ohm’s Law Current is — — — so here current = — 

ohms 4 + 3; 

or one may say Either gives the proper current. 

Take the first, the rule is to multiply fop and bottom by 
4 — 3;, i.c. the same with reversed sign. 

■ Current == ^4 - 3 ;) - _ " 3 oj 

(4 + 3 ;) (4 ~ 3 j) i6 + 12/ — 12/ + 9 

40 — 30/ ^ 

== — — — - — I'o — i'2j amperes. 

This means i'6 amps, in phase with the applied voltage, 
and also 1*2 amps. "— /” or lagging 90° behind the applied 
voltage. 

The total current is y'i-6=' + 1-2= = 2 amps, and the angle 

I *2 

of lag is an angle 36“ 50' making Tan 36° 50' ~ -zp 


The second way is easier: Current = —j-po — 7 Tlie rule 

2 /3*3 50 

is: “divide vector lengths and subtract angl es," to divide 
vectors in the rj^ form. That is a current of 2\36°5o' amps, 
or 3 amps, lagging 36° 50' behind applied voltage. 

If a coil with 600 reactance and 40 ohms resistance is in 
series with a condenser of 500 ohms reactance the whole 
circuit is: 

40 + 600/ — 500/ = 40 + 100/. 

When coil and condenser are in resonance the + / is as big a 
number as the — / and it is 40 resistance only. 

As a good example of the usefulness of the / notation in 
deriving formulas let us take the Meissner oscillator. 


Proof to the Meissner Oscillator. 

The way to find the conditions of oscillation is to begin at 
the grid and work round to it via the plate. 

Let the resistance of the coil in the tuned circuit connected 
to the plate bo R, the plate impedance of the valve Ra and tiic 
amplification factor ya. If i volt is assumed on the valve 
grid, the voltage lyleased in the valve is /a volts. This is 
' meant to be alternating, either R.M.S. or Max. values. 
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The tuned circuit impedance being R + jLu) and 


in parallel, is 

R jLo} 


jCa> 


, . , . 7? + jLtt) 

which IS ^ ^ - 

I yRCo) — LCu)- + I 


R + jLci} + — 

•' jCoi 

To this Ra must be added as the valve is in scries, so the 

• Ti 7? + jLo) 

total impedance is 7?„ + j - LCco^.rjRC^ 

The "stage gain,” as it is called in amplifier design, or 

voltage across the tuned circuit is: 

External Impedance xix , . , • 

— winch IS 

lotal Impedance 

(7? + 

■ I — LCcd- + jRCco 

ji + ^ 

“ ^ I - LCw- + jRCco 

Multiply top and bottom by i — LCco- + jRC^ and then 
also divide the answer by 7? -{■ jCco to get current in the plate 
coil for tlris vill give voltage across the grid coil when M is 
taken into account. 

The plate coil current is then: 




R + jLco + Ra — RaCCcO" + jRRaCco 

The voltage across the grid coil when this is open circuited 
is simply jMco times this current, the voltage being caused 
by rate of change of current, and as the rate of change of a 
Sine wave is a wave go° ahead in phase the j must be in 
jMm to give the phase advance. 

The grid voltage is then: 

jMcofi 

F+ylcu + Ra ^RaLCco^ + jRRaCco 
which must be equated to i as it was produced by i volt and 
so must be the i volt. 

Multiply the denominator up and we have: 

jMcojl ~ ji -f jLco + Ra — RaLCco^ + jRRaCco 
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AERIALS 


T he simplest aerial is perhaps the Hertz which was used 
in wireless sets sold as toys more than a quarter of a 
century ago, w'ell before the valve was invented. It con- 
sisted of tw’o horizontal pieces of \vire soldered to tw’o plates 
as in Fig. i6o. 

Leads from a spark coil went to A and B. The plates w'ere 
charged and — before the spark passed. When it did, 



Fig. iCo . — The Hertz Aerial. 


current flow'ed along the Avire and circles of magnetic flu.\ 
were generated round the wire. This is inductance, and as 
the two plates form a condenser (and even the tw'o wires 
alone) the circuit was oscillatory. It generated damped 
oscillations of short rvave length. 

Later Marconi used a vertical aerial and when it is w'orking 
in tune, i.e. its length adjusted to give the best results at a 
given frequency, its length is One Quarter the wave length 
being sent or received. Voltage is high at the top and small 
at the bottom but considerable currents flow in at the bottom. 



Fig. :6i. — Quarter Wave 
Aeria;,, 


There are none at the top. (See 
Fig. i6i). 

The coil C couples the aerial to 
the set. It is a case of a quarter 
cycle of a standing wave. Instead 
of the ground one can' use another 
J-wave aerial giving a total length 

- as in Fig. i6z’. 

2 

A particular arrangement of 
masts holding aerials will tend to 
send more powder out in one 
direction than in another. For 
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example, a plain 
vertical aerial 
behind a "iive” 
one, -.vili cause 
the region be- 
Mnd the dead 
one to be 



Fig. 162. — The Qr.tarEa V.'a-.'e As.aifa.. 


screened. The rivo aerials are placed J -wavelength apart. 


On Screening in Apparatus, 

The efiects causing interference are electrostatic and 
magnetic: two separate things. 

In the first, high voltages (on a tag) cause interference by 
capacity' currents to, sa3’-, the grid of a valve. Any metal 
screen, even tin-foil is quite good, the currents are small and 
cannot ca-use much presstire in the foil due to its resistance, 
since the currents are so vei^* small because of the 10^* in the 
denominator of air capacitti problems. 

Screening against magnetic 9 u.x is dinerent. The Sox in 
a tnning coil is, ho-^vei-er, kept back bjc an alurfuninm can 
because eddt* currents in the can are out of phase -aith the 
coil currents i 8 -o°. It is low frequency pov/er fimres which are 
troublesome to screen. 



Col! without Can 

Fig. JO3 — Effsct of ScassiiniG e; its.Gi.wnc Fiat-C. 



CHAPTER XXXII 


EXPLANATION OF LEAKY GRID DETECTOR 
CIRCUITS 

T he all-important feature of this circuit is the condenser 
C put in series with the grid as in Fig. io 8 , charged by 
the flow of Grid Current even when there is no radio signal 
applied to the" grid. Fig. 107 which is the vitul cuvvs for this 
detector, shows a test on a valve grid with a D.C. micro- - 
ammeter, and a whole volt of negative bias did not make 
the grid current zero. It reduced the flow to i microampere 
showing that there is i/x amp. and i volt negative bias in 
this valve when a i megohm resistance is connected as the 
grid leak. The values must agree with Ohm’s Law, and the 
Ip amp. was measured. When the radio wave makes the 
grid more negative, less current flows to the grid. When less 
negative on the other half cycle more current flows. As it is 
a curve, the Two Halves of the Current Wave are 
Unequal. This is what causes a charge to be left in the 
condenser after each complete wave of radio frequency. If 
the curve is assumed as a parabola, which it is very closely, 
and the equation contains a term ax^, the a; being grid voltage, 
then the "a" settles the amount of the charge on the con- 
denser, as it settles the difference between the heights AB 
and AC in Fig. 109 which shows grid currents for i cycle of 
the radio wave. The B is one peak and C is the other. 

_ The charge left on the condenser per cycle depends on the 
size of “ A One half of the wave puts current in and the 
other takes it out: but it is like putting fivepence in a money 
box and taking fourpence halfpenny out. As the working 
point alters when the accumulated charges (the half-pennies) 
on the condenser moimt up, and act like a grid bias, the charge 
added per cycle remains the same xmless the radio wave alters 
in amplitude which it does during modulation. Ignoring the 
modulation for the moment the average value of Sin- 9 is 
I so when the x in ax~ is Sin 6 we have that the average of 
a Sin-0” is a" which is a charge current for i volt of 
radio wave applied to the grid. 
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Tnexe are otaer terras as -.veil as In the equ&ncn ro the 
oirre and these v.ill be considered later, bat for the ntonieni 
con^dez the modnlation. Z'fovt ccnsideT dete'-tion of a ntodr- 
lated Y/ave using this circnic. 

As the %vave gets bigger and snralier the precise vray is 
shoY.n Err V Sin aV (x -b Cos <»,(;. Here «« 15 the earner 
and £i>, the sp-eedn The factor 3/ is the depth of moiniaticnj 
Vdfaat matters nor/ is that the size of the radio trare is its 
voltage tnimoduiated, say F mnltiplied hy a factor. The 
factor is ; (x -b -•/ Cos 

Since the enrrent per cr-cie of the radio %va%-e depends on 
az-, it depends on the Square of the amplitude of the radio 
v/ave or on: 

F^ {i -b 3/ Cos ad;-. 

Further, because x volt of carrier gives - v/e have a current of 

2 


v/hen the modulated v/ave is applied. Here tbs v/ave is 
supposed to be too small to run on the parabolic portion of 
the curve. The current is as foliov/s 'vvhen the square bracket 
IS rnultiphem 


F^ 


0 -b 3/a Cos aV A -’/* | Cos- ay ^ 


Er-mmine these terms one by one. 

Here - is a steadv term and 3/1'- a Cos a>r is a current o: 
2 

Musical Frequency, be the iV arAei Current. 

The 3/ - - cos- -a A is a double freouenev or second hamtontc. 
2 ' ' 

Tins is v/hy 3/ ought to be small mailing 31- smaher r.i.1 
and so negligible. One does not vrant big mauufacturea 
harmonics. 

Tljis means small depth of modulation at the transnniter. 
Concentrate on the main term no'.r. 

The feed of musical Cukrei/t to the condenser is th^: 
MV^a amperes shotving that it is a Square leuz aeUder-, 
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double V, the strength of signal and the musical current to 
the condenser charging it up is increased fourfold. 

Lastly, let us consider the other terms of the equation to 
the Fig. 107 curve. It has a definite, simple slope or first 
differential, and so "more volts — ^more amps, to the grid” 
showing that the grid acts also like a resistance shunted 
across the grid leak as well as acting as a “charger” of the 
condenser due to its curved characteristic. 

The value of this resistance is the slope of the grid current 
curve at the working point, and is about a megohm in the 
valve tested by the author. The problem is now solved. 


Condenser Musical Voltage. 

The circuit consists of a device, the grid, giving a charge 
current {MV^a) to the condenser circuit. M is the depth of 
modulation, V the carrier voltage unmodulated and “a” 
depends on the curve of valve grid current, not on plate current. 
The charge and discharge circuit of the condenser consists of 
three parts: 

(1) The condenser. 

(2) Grid Leak. 

, (3) The equivalent resistance of the grid, i.e. slope of 
grid current curve. 

These are all in parallel. 

If the valve grid curve has a slope which makes it a resist- 
ance Rg at the working point and the grid leak is R, it is easy 
to see what voltage on the circuit in Fig. 109 A will be built up 
by a current of V-Ma amperes because i volt would give a 

current Cw through the condenser and -5 + -5^ amperes 

K Kg 

through the resistances together. 




amperes. 


The total is ^ (Ccy^) -f 

so for 7=j\fa amperes the voltage is 
V-Ma 

V + 

It is right to suppose that the condenser charge current is, 
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as it were, put in with a separate wire; for the diode charging 
action is independent of the' working point when the curve 
is a parabola, for it depends on the second differential which is 
constant in a parabola and unvarying. 

Frequency Response, 

The formula shows that when the frequency of the audio 
wave is high, Co> becomes big and being down below, it makes 
the voltage small, so the high notes fall off. One way of 
saying this is that at high modulating frequencies the con- 
denser has not time to discharge. Since the Cia and the 
current in the resistances are added as vectors at right angles 
or "T'eed on" the reduction is not marked until high fre- 
quencies in the music are reached. 

Conclusion. 

The musical voltage across the grid leak is the wanted music, 
and the explanation is complete. The plate circuit simply 
has an amplified copy of the grid voltage in it. 

There is the high frequency pressure added to the musical 
voltage causing the total grid swing to be an addition curve 
as in Fig. no but there is no need to draw plate currents. 
What one does is to subtract the H.F. from Fig. no and get 
the musical current. 



CHAPTER XXXIII 

MAINS POWER SUPPLY UNITS 

TT is possible to dispense wnth batteries entirely and draw 
i current from D.C. or A.C. mains. There are then four 
problems. 

(1) Currents for H.T. from Direct Current Mams. 

(2) „ ,, L.T. „ „ .. >> . 

(3) Currents for H.T.from Alternating Current Mams. 

(4) .. .. L.T. „ .. -> 

ihese will be considered in order. The current from JJ.L.. 
mains is m reality a fluctuating current due to the dynamo 
commutator. A choke and, say, a 10 mf. condenser does 
good when connected as in Fig. 164. 



Fig. 164. — Smoothing in D.C. Mains. 

When the L.T. is drawn from D.C. mains one uses indirectly 
heated valves with preferably a higher voltage than the usual 
4 or 6 for heaters and with the increased voltage less current 
is needed. 

All heaters may be put in series with a resistance to drop 
the voltage. 


H.T. From A.C. Mains. 

If A.C. mains are used it is first necessary to find a means of 
rectifying the current. The result is a pulsating D.C. and this 
is smoothed with a " Low Pass” filter consisting of condensers 
and chokes as described for D.C. smoothing. It is then 
ready for the set. Since a diode valve will allow a current to 
flow in the conventional direction of plate to cathode and not 
the other way, two diodes with a centre tapped transformer 
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In the co-axial cable, as in the wave guide, and indeed as in 
the two-wire line, when a sine wave oscillator is connected to 
one end, and when reflections from the other end are obviated, 
then a simple case of wave transmission takes place. 

Attenuation. 

At any particular place with a sine wave source voltage 
and current arc sine waves too; just alternating currents. 
Generally these become weaker as they travel further from 
their source. This is called “Attenuation”. 

If, however, one takes not a particular but a particular 
instant in time, there is a damped sine wave spread out along 
the cable. If it is at an instant when the input has reached 
maximum voltage, the voltage a Iittle_ way along the cable 
has not yet reached a maximum. At telephone frequencies 
there is a phase change of so many degrees per mile. At 
higher frequencies there may be a complete cycle traversed 
in a few yards or even less. 



CHAPTER XXXV 

A TYPICAL HETERODYNE RECEIVER 

T he theoretical circuit in Fig. 166 shows a typical 
superheterod5me receiver, of a fairly simple type. 
There is a frequency changer valve, a high frequency tetrode 
or pentode valve to amplify the I.F. currents, and a double 
diode, one side of which rectifies the I.F. currents to give 
the Low Frequency. This valve also has a triode section 
which amplifies the music before it goes to the output tetrode. 
The other section of the diode provides a voltage to give 
automatic volume control. 

Aerial Circuit. 

The aerial is untuned, and is connected to a coil A ot a 
few turns; an arrangement known as "aperiodic”. The coil 
A is tightly coupled by being wound on the same former as 
the tuning coil T, which is tuned by the variable condenser C. 

The Oscillator. 

This condenser has a smaller section S on the same shaft, 
which tunes the oscillator grid coil G generating a wave 
frequency of 465 kilocycles above the frequency to which the 
main tuning circuit, T and C, is tuned. This 465 kc. separa- 
tion is constant for every position of the tuning condenser as 
the knob is turned, and is accomplished by correct shaping 
of the condenser vanes. The -oooi fiF. condenser and 50,000 
ohm resistance provide a grid bias for the oscillator. 

The incoming signal and the oscillator interact in this 
"Pentagrid" valve to give the intermediate frequency or 
I.F. in the plate circuit. 

Notice the arrangement for giving a low voltage to the 
screen of this valve — two resistances in series. This feeds 
the screen of the next valve also. 

The Intermediate Frequency. 

This current goes to the primary coil of the first I.F. trans- 
former and the secondary coil goes to the grid of the I.F. 
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amplifier valve. The plale of this tetrode or pentode goes 
to the primarjf coil of the 2nd I.F. transformer and the 
secondary coil of this goes to the diode section of the diode 
triode. 

Each coil of the I.F. transformers is tuned by a separate 
small condenser adjustable — ^by a screw-driver — to 465 kc. 

At the diode-triode valve the circuit becomes more compli- 
cated. 


The Diode Detector. 

The Intermediate Frequencj' currents generated in the 
secondary of the 2nd I.F. transformer are rectified by the 



Fsg, 166. — Theoretical Diagram or a Battery Type Super- 
heterodyne Receiver. 


diode Di and a steady current flows through the I megohm 
leak R. The radio frequency current is smoothed out from 
this by the 50,000 ohm resistance and the condensers -oooi 
and '0002 /xF. As the strength of the I.F. wave varies with 
the modulation of the original signal wave, the rectified 
current varies in strength so that music is obtained at the 
point marked L.F, This point feeds the volume control 
potentometer marked J M. through the -oi /xF. condenser. 
The volume control feeds the grid of the triode section of the 
double diode triode. 
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This valve is resistance capacity coupled to the output 
triode by the '02 (iF. condenser. The additional '0005 /xF. 
condenser here helps still further to get rid of radio frequency 
current. 

Automatic Volume Control. 

Loud music is picked up by the second diode D2 because 
the volume control does not go to earth direct, but through a 
400 ohm resistance. The result is to put a charge on the 
o-r fiF. condenser at the left-hand side of the drawing and so 
give a negative bias to the frequency changer and to the 
l.F. amplifier, resulting in smaller amplification. 

The efficiency of the circuit may be questioned, since 400 
ohms is so low, and the A.V.C. circuit may be left out. 

The simplified receiver, however, works well and is easy 
to construct and adjust. The following valves are suitable. 
(American numbers in the 1-4 volt range) : 

Frequency Changer . . . . I A 7 

Intermediate Frequency Amplifier I N 5 
Diode Triode .. .. j-. IH5 

Output Tetrode I C 5 

When using these valves and the simplified circuit, -omit 
the components marked X. 

Final Adjustment of the Receiver. 

The small condensers which “trim” the l.F. transformers 
are tuned to receive the loudest possible music from some 
station of only moderate strength. 

If it is found then that there is a “whistle” present, the 
entire turning of the four trimmers can often be altered 
altogether little by little, until they are in tune with each 
other but at a different frequency, so that the interfering 
station no longer makes an audible whistle. A little adjust- 
ment to the trimmers of the main and oscillator condensers 
completes the alignment. This method of adjustment is for 
the amateur who usually does not possess an oscillograph. 
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MAXWELL’S CURL EQUATIONS 

I X dealing -svith electric waves there are tv/o relations known 
as “Curls”, They look simple to WTite, but mean a 
great deal. The two equations are: 

Curl E = H and Curl H = E. 

In an electric %vave there is alwa5’’s electric stress E. It is 
used by a cable maker who puts half an inch, saj’’, of insulation 
between two conductors, and uses the cable for 6,000 volts. 
That means a stress of 12,000 '.'olts per inch. The same idea 
is also used by the B.B.C. engineer who states that the "field 
strength” in a certain district due to his latest broadcasting 
station is so many millivolts per metre. 

To grasp the idea, suppose we take a centimetre cube of 
air and consider it to have a metal sheet on each of two 
opposite faces. If a r volt battery be connected to these 
metal plates, then there is an electric stress in the space 
across the cube of i volt per centimetre. That is to say E = i 
in the space. If the plates were separated to two centimetre 
apart it would be E = | and so on. This is the meaning of 
E, and the following table should make it clear. It is a 
question of the length of the lines of force between the two 
plates, oppositely charged, 

j Space helween Voltage ' Electric Stress 

! Plates Beitceen Plates | “E” 

1 ' 

! centimetres volts 



The importance of E is, that %vhen it is there, the space is 
charged v.dth a certain number of coulombs or ampere 
seconds. 


2JO 



maxwell’s curl equations 2li 

For a given stress value the number of coulombs depends 
on the area of the metal plates: so many coulombs for each 
square centimetre of plate area. This is not current, but 
"quantity” of electricity. Moreover, when the stress is first 
applied and the Maxwell -displacement is set up in the charged 
space, it is not due to a. flow of electrons. Yet the astonishing 
thing is that when you vary the stress E and so vary the 
quantity of displacement — ^and so cause a displacement 
current in the space — this current has power to cause magnetic 
fluxes just like a flow of electrons in a rvire. 

Rate of Change. 

This means that when we saj': 

Curl H = E 

we are talking not of the mere value of electric stress E, but 
of its rate of change E ; which means so many amperes across 
even' square centimetre of the space where the stress exists. 

This way of defining a “flux” of displacement current by 
means of a centimetre cube is much better than the usui 
sort of definition of a charged particle sending out radial 
lines of stress. It makes displacement current just like 
the centimetre cube used for resistances, and this is the way 
the units ought to be defined. 

But to continue. The curl equation says much more than 
that we arc talking of a changing stress E. It says that E 
equals, or causes, a magnetic force H, in the same way that 
electronic current in a wire causes magnetic force in the space 
surrounding the wire. The curl equation however is more 
exact. It tells the value of the electric current E exactly at 
any spot in terms of the magnetic field there present. It is 
h = Curl H, with emphasis on the rvord "Curl 
Meaning of “Curl 

What does curl mean? It is the idea of going round a 
closed loop. Take a long straight wire carrying a current 
and take a circle round it where the strength of the magnetic 
force caused bj- the current is lo. That is to say H — lo on 
that circle. Suppose the circumference of the circle is 4 
centimetres: then the line integral round the circle of H is 
4 X 10 = qo. This 40 measures the current in the wire. 
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Suppose we take a field of electric stress as indicated 
diagrammatically in Fig. 167 

The field is imagined all in parallel downward lines, but 
stronger as we go from left to right as shown by the numbers 
10, 20, 30, etc. These numbers are volts per cm., the centi- 
metre being measured along the lines. Take a square ABC 
D, and form a line integral of electric force E round it. There 
is no electric stress along A B for the force is downw^ards. 
Along B C it is of value 20 down. 

The curl square is supposed to have sides of i cm. Thus 
F X / for the side B C is 20 X i = 20 volts. The line C D 
contnbutes nothing, but D A contributes a downward voltage 
of 10 X I = 10 volts. There are then, going round the 
loop two opposing voltages 20 and 10. By subtraction the 
loop voltage now becomes 10. What we are saying is that 

10 = so this line integral of E round the square A B C D 

measures the B or changing magnetic flux in or through the loop. 

Flux Change. 

Notice that any changing flux in a loop is dependent upon 
the lines of electric force' whether as you cross the lines of 
electric force at right angles — in this case crossing a set of 
vertical lines from left to right — ^you find variation in the 
strength of the electric field. The lines go 10, 20, 30 and 
not 20, 20. 20. If you find variation across the square there 
IS flux change through it. 

If the field of electric force is vertical the proper symbol is 
Ff The subscript y means in a “y" direction. But the 

variation as you go in a horizontal direction is so with 

ax 

a vertical field this is the Curl of E and measures magnetic 
flux change through the square. 

There are three more things to be considered. The first 
15 that the force E may not go in such a simple way as 10, 20, 
30 for each centimetre, but at any particular place it is 

JTZ' 

possible to imagine a small square, and ‘to measure -r-i' 

ax 

across the square. 
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Secondly, the force may not be vertical. If it were hori- 
* dlL 

zontal it would be meaning the change in strength of 

horizontal lines of force Ex as we cross them at right angles 
by going in the y direction. 

Thirdly, if you have both vertical and horizontal force 
Ey and E^ and if these forces get stronger as both x and y 
increase, then they both oppose each other when we consider 
their contribution to the curl. So the total Curl is not the 
addition of 


iEj, dEy 
dy dx 


but 


Curl E = 


dE, 

dy 


dEy 

dx 


An Analogy for' Curl. 

Suppose a flat square board to be dropped into a stream. 
Will it turn round and round? It will if the current is faster 
on one side of the stream than on the other. You have then 
a stream flowing one way. To see if there is any variation 
in the rate of flow you cross it from side to side. That is 
another direction. If there is a faster flow on one side than 
on the other, the board will turn or spin about a vertical 
axis. That is the third direction, or axis, involved in Curl. 

Perhaps the best analogy for Curl is a dart and dartboard. 
In taking a Curl of E, regard the dart as a changing magnetic 
flux B or, since B and H are proportional in air and most 
materials, the dart is H. The E lines flow in the plane of 
the dartboard, so Curl E relates a time variation of magnetic 
force H with a space variation of E the electric force. 

The Curl of H the Magnetic Force: 

Electric current always causes Magnetic Flux and Maxwell’s 
displacement current caused by variation of electric force E 
produces a magnetic force just as surely as a flow of electrons 
in a wire causes magnetic force round that wire. 

Here then the dart is E for if it is air we are considering, 
the permittivity of air is i, and E means a current. If 
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however it was an insulator with specific inductive capacity 
6, it ^vould be Current = 6 E. In general it is e^E where 
gg is specific inductive capacity. 

Usually, radio waves are in air so it is just E, though if 
one wants current in amperes there is a 10" factor and also 
3 . ^ 77 . 

Since £ is a current it causes magnetic force H. We take 
a Curl of £ in the dartboard to determine the strength of 
Maxwell’s displacement current E. 

The actual forming of the Curl, its expression or wndting in 
differential calculus symbols depends on the co-ordinates 
used. If it is just plain x and y co-ordinates, then curl is 

written If however the problem is one involv- 

dx dy 

ing a circle or cylinder in which we wish to put the dartboard 
for taking the curl, cylindrical polar co-ordinates are better. 
These are, one, the z axis along the cylinder; one along a 
radius r; and at any point one axis along a tangent to a 
circle, an angular co-ordinate 9 . Then the dartboard is 
circular and not square, which gives the sectional shape showm 

.in Fig. 168. 

Suppose a wave is travelling in 
a hollow circular pipe and one 
suspects lines of electric stress in 
circles in the pipe, then there is no 
component of E along a radius, so 
the sides of length dr of the 
dartboard contribute nothing to 
Curl E. 

To take a curl of E then in this 
sunple case, E must be multiplied by the arc length rdd, and 
M E which is different by an amount dE, i.e. E. -j- dE must 
be niultiplied by the length of arc {r -f dr) d0, to form the 
fine integral which is Curl. 

These oppose each other round the loop, so their sub- 
traction: [E -j- dE) (r -i-dr) dd — Erd 9 , gives the Curl of E, 
or at least the total voltage. It is : 

_ Edrd 9 -f dErdd -f dEdrdO 

This voltage is caused by a dart of flux change through 


{r+dr)d9 
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the dartboard. If the flux density is B the flux is Brdddr 
for rdddr is the area of the dartboard. 

Thus: 


Edrdd + dErde + dEdrdO = Brdddr. 
dE 

We can always ivrite dE zs dr. Then we can divide by 


drdB and we have 


„ dE dE ■ 

E r — h -j- dr — rB 
dr dr 

We say B because it is flux change that causes voltage 

dE 

As the curl square is made minute, dr disappears to zero 


ar • 

for dr shrinks to 0. So £ -f r - 3 - = rB. 

dr 

But what is £ + ^ 

dr 

It is so we may write = ^B or better still: 

B = 

r dr 

which is Curl in polar co-ordmates for the simple but important 
case where the force £ to be curled is in circles. 


CHANGING 
MAG NE Tit. 
FLUX. B 



Fig 169 — Com. E — jB 01 H. 
ShoOTng how a time variation 
of H along a dart is related to 
E in the board 


CHANGING 

electric 

FORCE, £ 


Fig 1 70 — CcRL H — E 
Showing how a time variation 
of E along a dart is related to 
H m the board 
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The Use of Curl Equations. 

The above equation may not be much use as it stands 
alone; but as one small simple equation like the small simple 
equation ;i; = 2y in a problem which begins “A father’s age 
is twice that of the son,” this Curl equation may be combined 
with others and the complete solution to a problem found. 

We do not wish to go further, here, but if the reader should 

say " I understand the value and use of B — - but why 

call it Curl B?" then surely the answer would be, anyone 

seeing ■ would naturally ask where it came from ; ‘ 

and the answer would be that it springs from the generation 
of a voltage in or round a loop by a changing magnetic flux 
through the loop; an idea of such supreme importance when 
applied to minute loops as to deserve the special name of 
“Curl”. 

The whole matter may be summed up by saying that the 
student knows that a changing flux through a loop causes a 
voltage round the loop. Make the loop small and this defines 
the flux density through the minute loop and therefore at a 
point. 

So much for Curl E. 

As regards Curl H, every student knows a current in a 
TOre causes flux round the wire. It is a simple step to say 
that a current may be a flow of electrons or it may be ether 
displacement caused by changing electric force E. 

Manj' of us may have felt that Maxwell’s Curl Equations 
were beyond us. They are not. It is simply a case of grasp- 
ing his idea ,of a displacement current in the ether being like 
a current of electrons in a wire as far as the magnetic action 
goes, and asking what magnetic fields such currents must 
cause. 

The use of calculus is not very difficult here, once one gets 
used to it. It is the polar co-ordinates that make it hard. 
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WAVE GUIDES 

Y ears ago I.ord Rayleigh, who was the great authority 
on sound, showed that electric waves could travel 
along the inside of hollow tubes without much weakening, 
if for a given tube diameter the frequency was high enough. 
The hollow tube is called a wave guide. In wave guides it is 
necessary to study the patterns of the fluxes (both magnetic 
and electric) in the space in the guide. Without going more 
fully into the mathematics of the subject one can only get a 
general idea of what is happening, but the knowledge gained 
can be very useful. 

The Fluxes Concerned 

Faraday’s original electrostatic experiments are the begin- 
ning of the subject. It is a case of the charge and discharge 
of the capacity of space. Consider what happens when a 
"plate" condenser is charged. The space between the plates 
becomes charged. Maxwell’s displacement current flows in 
the space, and electrons flow in the wires leading to the con- 
denser. The amount of flow in the wires is equal to that across 
the space. 

The ether displacement current is one of the things which 
we have to consider in studying waves, because these currents 
cause the magnetic flux of the wave. This magnetic flux by 
its motion causes the voltage (the electric force or E of the 
wave) with which we began. The two fluxes then are electric 
and magnetic flux usually denoted by E and B. Since for 
air with permeability we have B —H it follows that E and 
H are the quantities concerned. 

Round Guides. 

In many ways the round guide is easier to follow. It is 
not easier in the mathematics, for the use of the equation 
I difE) 

- ■ at once brings a Bessel function into the mathematics, 

but if one does not need exact calculation, then the round 

2t8 
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guide is easier. Suppose a bunch of lines of magnetic flux 
to flow along the tube as in Fig. 171. How could these be 
supported^ Naturally, one would say, by circulatory currents. 
Since current in space consists of increasing (or else decreas- 
ing) electric stress in the space, the lines of electric force must 
be in circles. This is called a Magnetic Wave, since magnetic 
force goes along the tube. Fig. 172 shows the circulatory 
current path with this wave. 
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ELECTRIC FLUX IN Ho WAVE 

Tig i7r — T he JIAG^ETIC avd Electric Fluxes rx a Mag.vetic 
Waae in a Round Guide 

A Magnetic Wave. 

- Since it is alternating currents of very high frequency that 
we are dealing with, the bundle of lines of magnetic flux is 
followed by a bundle of lines having the reverse direction. 
The flux at the end of the bundle “fans out” and returns 
along the inside edge of the tube. Each bimdle is one half 
cycle of the sine wave. The electric currents are circulatory 
as said, and the strongest current is to be found round the 
middle of a bundle of lines of H or of flux B. Since,' however, 
the currents are rates of change of voltage or of force E, it 
follows that the strongest currents are where zero voltage is! 






220 


INTRODUCTION TO ELECTRICITY AND RADIO 



Fig. 172. — ^The Ether 
Displacement Cur- 
rent IN WHAT IS 
Called a ^Magnetic 
Wave, or an "H" 
Wave. 


This is because we are dealing with sine waves and the greatest 
rate of change or slope of a sine waA'e is at the zero. As we 
usually mark electric force E on the drawings, the greatest 
concentration of circles of electric force E should be at the 
ends of the bundles of magnetic flux, which is what the 
drawings show. This wave is called an w'ave. The 
letter H signifies magnetic force along the tube and the 
subscript “0" signifies no diametral nodes as one goes round 
in a circle. 'With' this wave, the flux round any circle is 
uniform. 

As stated, if we go along the tube at any instant of time w'e 
observe a -sine wave of flux or of electric force. Along the 
axis of the tube there is strong magnetic flux at every maxi- 
mum. That is at any given instant. But the whole wave. 
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THE htAGNETIC FLUX IN THE £, TYPE WAVE 

Fig. 173. — The Electric and JLagnetic Fluxes in an Electric 
Wire in a Round Guide. 
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OPEN MR 


Fjg. 174. — A Horn on the End of a Wave Guide for Radiating 

Energy. 

the whole "state of things” flies along at a steady great 
velocity. If then we stand at one spot and let the wave go 
flying by, at that spot we have alternating electric force, 
alternating with time just as in aU alternating current 
phenomena. 

Rayleigh’s Law. 

Indeed it is a law of nature that if you put a sijie wave 
oscillator anywhere, voltages or currents caused by it any- 
where else must be sine wave voltages or currents of the 
same frequency. 

An Electric Wave or Eg Wave in a Round Guide. 

With this type of wave, it is electric force, not magnetic 
force, that flows along the guide, and there is a difference in 
the shapes of the loops. These loops of electric force seize 
on to the metal walls of the tube; and, if there is a displace- 
ment forward along the tube, there is an electronic current 
in the Wbe backwards to complete the circuit. See Fig. 173. 

In the metal there is the phenomenon of “skin effect ”, the 
electric current flows on the surface — the inside surface 
only— of the tube. 

The magnetic flux like the circles of flux round a wire 
carrying a current is in circles here; circles round the bundle 
of lines of displacement current along the guide. 
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Attenuation of Waves. 

As the -A'aves travel there is some weakening due to losses. 
In the case of the electric or E wave it is easy to see that the 
resistance of the wave guide to the return current through- 
it (ohmic resistance made greater b}* skin efiect) must cause 
a loss. Yet over and above this, the w'aves suffer great 
weakening or attenuation if the frequenc}' is hdotv a certain 
critical value depending on the diameter of the pipe. 

, As the frequenm' is raised, skin efect becomes more 
pronounced. 

The tube carries the main current in the case of the E 
wave, and this is like the current in the conductor of a co- 
axial cable. 

In the case of the magnetic H wave however, the main 
current is in air as in Fig. 172, so skin efiect cannot make it 
produce a greater loss. 

As the frequencj' is raised without h'mit, the attenuation 
rises in the end, in the case Of the E wave; but falls and falls- 
away in the case of the H wave. 

For this reason the H wave should have an important 
future. It is a matter of the greatest interest to the telephone 
engineer. 

Rectangular Guides. 

ilathematicaU}' these are easier to follow, for the flux 
distribution over the cross section of the guide, like the 
vibration of a plate in the Lissajous figure experiment on 
sounds, is a simple sine wave and not a Bessel function. 
These guides are excellent for short runs, but there is nothing 
like the wave in the round guide with the wonderful 
fall in attenuation as frequency rises. 
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NEGATIVE RESISTANCE AND NEGATIVE 
INDUCTANCE 

I N the last few years, certain substances have come into use 
in electrical engineering called negative resistances. 

The most perfect example of a true negative resistance 
would be a simple series dynamo driven by an engine, and 
having "air” instead of iron for its construction material; 
shall we say wood, instead of iron to be very practical. Then 
if any current flows it will cause a magnetic field and since it 
is being driven by an engine a voltage will be produced which 
acts in a direction helping the current to flow. This is the 
reverse or negative of the case in an ordinary resistance in 
which voltage is needed to push current through a resistance. 
So a negative resistance is a generator. The graph of current 
and voltage in each case is shown in Fig. 175. 

Dynatron and Transitron Circuits. 

For telephone and other communication work a material is 
used which draws a steady current like a valve. Indeed two 
valve circuits, the "Dynatron” and the “Transitron” circuits 
give a negative resistance effect. 

What matters is that, though there is a steady drain on the 
battery, the device takes less current when the voltage is 




RESISTANCE 

Fig 175 — ^Voltage and Current in Ordinary and in ‘‘Negative” 
Resistances 
223 
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Fig. 176, — Gkapji or SuBSTA^•cE 
HAVING “Dynamic” Negative 
Resistance. 


increased, a little and more current when the voltage drops a 
little. 


Germanium. 

One such material is made from Germanium. The charac- 
teristic shown on a graph is given in Fig. 176. 

The substance would act like an ordinary resistance for 
small currents but for larger currents if the^large current 
varies, there is a negative resistance effect as regards the varia- 
tion. The substance absorbs energy but by absorbing less 
current at the right moment, energy is added to the circuit 
from the battery. There is a unit made up with a little plate 
of the element Germanium about one-eighth of an inch square, 
having a light metal contact pressing on it. 

If a suitable negative resistance element were found, tele- 
])hone lines could have these devices at intervals along the 
line. In other words a line may be " loaded ” with it, and the 
transmission loss, or "attenuation”, as it is called, could be 
reduced to zero. That would be a great advance in telephone 
engineering. 

If one considers how much mathematics owes to the use of 
negative quantities it is plain that great extension of technique 
will follow by the use of negative resi.stance in electrical.work. 
One use is to make negative inductance. 
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Fig 177 — Negative 

iNDEtlANtE ClKCUIT 
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NEGATIVE INDUCTANCE 


Suppose a circuit to be made up with two ordinary resist- 
ances, one negative resistance and a condenser as shown in 
Fig. 177. The negative resistance must have a battery feed 
which is not shown in Fig. 177. 

The impedance at tlie terminals TT, at any frequency / 
may be calculated by the j notation thus. Let w=2TTf as 


usual. The impedance of the condenser is ^ as usual. 

jcco 

If the three resistances are equal in size but in value R, R 

and minus R we put R in series with C as i? -f -r^ 

, ^ 7caj. 


We then put minus R in parallel thus 
SUM 


~r(r+ 

\ jccoj 


jR -|- ~ — 

JC(X> 


by the 


PRODUCT 


rule. Work it out and add the left hand 


R and it is i? — R^jcoj — R wliich is — jR-C. This means 
that a value of i? = 1000 ohms and a condenser of 2p,F 
would give — 720), at the terminals T.T. 

Without the negative sign, 27a) would be the impedance 
due to two henry s. 

A negative inductance means a leading current like a con- 
denser hut impedance rising with frequenc}' not falling as in a 
condenser. The use of these must surely lead to an e.xten- 
sion of technique. 
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PICTORIAL RADIOLOCATION 

B y sending a beam of rays from a transmitter in an aero- 
plane down to the ground, and by measuring the povrer 
of the reflection from the ground, using this to control the 
brightness of the beam in a cathode my oscillograph, one can 
obtain a picture of the country' below the plane, et'en if this is 
obscured by fog. ' 

The technique is as follows. The beam is shone on eveiy 
part of the ground in turn as in telerdsion. The "spot” is 
swept over the ground rapidly to cover the whole area again 
and again. The spot of light on the cathode ray screen 
formed by the electron beam is made to move in stmchronism 
vrith the transmitted beam sweeping over the ground. 

When the ground sends back a strong reflection, the oscillo- 
graph shows a bright patch. Thus a dear outline, indeed 
more than an outline of the ground features, appears on the 
screen. 

Practical Use of Pictorial Radiolocation. 

This should make fltnng much safer, for accidents in civil 
fltdng seem to happen at times of bad visibility'. 

The technique is a combination of television and the 
" simpler ” type of radiolocation where a beam is sent up into 
the sky and if a plane is there, the reflected wave shows its 
presence. An absence of any reflection means an absence of 
any aircraft in the vicinity hee Fig. 17S). 

The waves are sent out in short trains or impulses lasting 
only one millionth of a second. 

There are a thousand pulses to a second. 

The tvave is sent out by wave guide to the receiver also, and 
the time difference between the pulse going along the wave 
guide and the pnRe reflected from the sky shows how far the 
aeroplane is away. 

The recemng aerial is very directional. Thi^ helps to locate 
the plane exactly. 
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Fig. 178, — "Simple” Kadiolocation. 

These devices may yet be of good sendee in shipping. At 
the moment of writing, a big navigational aid scheme is being 
constructed at Liverpool for Mersey shipping. 

In radiolocation, centimetre waves are used. One advantage 
is that a small aerial even rviU radiate a great deal of power. 

Another advantage is that the beam is more like a beam of 
light in casting shadows. A long wave wiU "go round” an 
object but a short wave gives a shadow effect like light. 

The Magnetron. 

The rise of such short waves involved the making of special ' 
valves. A “Magnetron” valve was invented at Birmingham 
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University capable of giving out several kilowatts, although 
its size was reasonably small. A magnetron valve is one which 
is placed in the field of a powerful magnet. The electrons in 
coming off the filament tend to cut the lines of the magnetic 
field at right angles, just as the current in an electric motor 
armature makes the conductors move at right angles to the 
magnetic lines of flux from the field. 

The electrons describe curved paths round the straight wire 
filament and may return to the filament, or else describe a 
bigger path and hit the plate which surrounds the filament. 
In the Birmingham magnetron, the plate has a number of 
hollow little chambers or "resonators". 

Every electron gives off an electrostatic field by virtue of its 
very existence. As an electron moves past the hollow resona- 
tor it sends lines of electric flux into the chamber, like a person 
dressed in wlfitc on a sunny day may illuminate a dark cave 
somewhat, just by walking past the mouth of the cave. 

In order to carry a sliort wave or very high frequency 
current across a field, which is necessary in the earlier radio- 
location technique, where a wave is shot into the sky to "see” 
if there is a plane about, wires are not much good. Too much 
energy radiates from the wires. That is why hollow metal 
pipes or wave guides are used. 

It will be appreciated that in this simple radiolocation, 
separate pulses of short duration are sent into the sky. The 
pulse only lasts a milliontli of a second, and so the valve has 
a good "rest" before the next pulse. Under this condition 
a small valve may momentarily send out a great deal of power. 

The development of radiolocation from this simpler form 
to the later pictorial form where a map is drawn on tJjc 
oscillograph screen, has been very rapid. 



CHAPTER XL 

EXPERIMENTS AND DEMONSTRATIONS 

^HE foUowing experiments will be found ^ 

1 larly useful for demonstration purposes, ^^ose which 
have not been fully described in -the previous chapters are 
described more fully here. 

In making up circuits, such as detector an , 

circuits, it is a great help to have a suitable A.C. bndge for 
measuring the inductances of coils. This will save much tna 
and error. Only the more difficult expenments are desenbed 
here. . » 

(1) Vector addition of Voltages in A.C. circuits. 

(2) Diode, Triode, Tetrode, Pentode and Octode Charac- 
teristic Curves. The octode is described here, the others 

can be set up as described previously. -r 

(3) Mdissner, Hartley, Colpitts and Tuned Gnd Tuned 
Plate osciUators. The Double Valve osciUator may be 
included. The oscillators are fairly straightforward. 

(4) Leaky Grid and Anode Bend detection. 

(5) A Triode as an amplifier of A.C. _ 

(6) Grid Modulation, Clioke Modulation and Octode 

Modulation. 

(7) Low Pass Filter and Fourier Series. 

(8) Band Pass Filter. 

(9) Scries Resonance. 

(10) Parallel Resonance. 

(11) Heterodyne Principle. 

{12) Transients on Various Circuits. 

{13) Lecher Wires. 

(14) Frequency Doubler. 

(15) Quality of Circuits. 

(16) Multivibrator. ' 

(17) Mains Rectifier and Filter Circuit. 

These twenty or so experiments form a useful set for 
laboratory and demonstration work. In general, demons ra 
tions should be simple to follow. If a- compUcated circm 
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such as a square ^vave generator is used one can explain 
y.-hat it does, i.e. general's a square vrave, vdthout going into 
its action. Such ciraaits as detectors and oscillators are 
found fully described under the various descriptioris of their 
vrorking. Those -which have not been given are now men- 
tioned with a few details to enable them to be made up easily. 


Vector Addition of Voltages. 

An audio oscillator is connected to a circuit consistina of a 
resistance cox in series vdth a variable condenser. Tiiis mav 
fe tractions ot x'ml. or 2 raf., such as 'i, '2, '5, i and so on. 
Irven one condenser would do. Conned; the centre point 
to the earth of a double beam oscillograph and put the s'oltage 
on the condenser on one beam and that on the resistance on 
the other beam as shown in Fig, 179. 


C — ■ ' ; 

^V'/vV’ 


B 




Bsaml 



1 Common Earth 




BeamZ 


Fig, 179 . — Vzcrop. Aonmo'.r or Voltages. 

ilake the two -I'oltages equal by alteration of resistance, 
I^ote the 90^ phase difference. Change v-ires A and B about, 
to measure total voltage across the condenser and resistance 
(Joesm 2] and note bt' counting squares on the oscillograph that 
it is root b.vo times either voltage component. Change the 
resistance for a good inductance Uke a telephone loading coil 
and see resonance effects, 

Octode Characteristic Curves. 

The valve is set up as in Fig. 180. The curves are shov.n in 
Fig. 181. 

Fix the bias voltage on grid r first at O and plot plate 
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current against voltage on Grid 4. Alter the 0^ 

G, to say - 2 volts and plot a new curve between v oltage on 
G4 and anode current. Calculate the change of slope g for 
one volt change of voltage on ^d i. If the p^ ‘ 

of the characteristics all meet (if produced) in one p 
if the distance AB on the y axis for, say, 2 volts change on 
grid one, equals BC for another two volts change ^ « 

g the slope is tan 0 the change in tan 6 is the change /I 
divided by the common base or BC dmded by the same ba ^ 
So, with these conditions, a “focus” for .ill the lines, an 
BC and so on, we have; 

g is proportional to rCj. 

Since plate current in a tnodc is 
proportional to g times the volt- 
age on the triode grid ^^hlch is 
FC4 in this case we have that: 
Plate current is proportional to 

Vgi times T'c«. . 

There are other terms in the 
plate current but this is the 
important one; uhen the octode 
is used as a modulator or as a 
frequency changer. 

The circuit in Fig. iSo shows 
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hov.- to make an octode give the usual text-book picture of a 
modulated %vave, one replaces the grid batteries hy H.F. and 
L.F. oscillators. 


The Double Valve Oscillator. 

Two valves are resistance capacity coupled. Usually little 
or no amplification is needed in one valve. (.See Fig. 1.S2.) 



Fig. 182, — Docbi.2 Valve Oscu-latoh. 

The condenser C is the tuning condenser, and the other 
two merely coupling condensers. 

Low Pass Filter and Fourier Series. 

If the square wave generator is fed to a Low Pass Filter 
the harmonics can ail be cleared, and a sine wave results. 
(See Fig. 183.) 

If the filter is set to cut off all but the fundamental and the 


OsciHogrcph 



Fig, 183. — ^ExPEanrsitT o;r HA2j:o:acs UsntG a Low Pass 
FirxsH. 
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third harmonic, these will be left and a wave with an added 
third will be seen on the oscillograph. 

The frequency at which the square wave generator should 
be run depends on the size of filter coil available. About 
200 c/s is right for a 120 millihenry coU. 

The Tuned Transformer Band Pass Filter. 

This experiment is hard to make successful until one hits 
on about the right components. Two little frame aerials of 


Oscillograph 



Fig. 184. — Components of Tuned Transformer Band 
Pass Fieter. 


about 8 or 9 turns each and about 15 inches square are si 
able for use with '0005 variable condensers. Then the us 
type of signal generator can be used. 

The coils are placed about four ,feet apart, and tuned 
to give the biggest “ribbon” on the oscOlograph which ought 
to be one with two amplifier stages in. The two circuits 
will then be tuned to the same frequency. 

One can plot a curve between frequency and output voltage, 
i.e. width' of ribbon, and when the coils are close together a 
"double hump” curve will be obtained which is what is aimed 
at in a superhet IF filter. 

A valve voltmeter will do instead of the oscillograph. A 
high resistance in one lead between the signal generator and 
the tuned circuit takes the place of a valve and provides 
impedance. It should be 200,000 ohms or so. Then the 
current is fairly constant as in a high frequency valve used to 
feed the IF transformer. 

Q 
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Series Resonance, 

,This cxpcrimcnl is best done at audio frequency with a 
telephone loading coil or else at radio frequency. (Fig, 185.) 
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Fig. 185. — Series Resonance, 


Ordinary broadcast coils are suitable and the usual size for 
medium waves is about 50 turns on a 2 in, diam, former, 
about one-sixth millihenry and the usual ‘0005 mf, condenser. 
One alters the frequency of the generator and measures 
voltage. A valve voltmeter of as low an impedance as 10,000 
ohms even gives good results. 

Parallel Resonance. 

This is best done with a tetrode as it is tiien part ol a receiver 
circuit. (Sec Fig, 186.) 

This shows a rise of voltage round resonance. The same 



components arc used as for series resonance curves. The 
tetrode impedance makes current independent of the fre- 
quency. 
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If one reaUy wants to show a current dip one may dispense 
with the valve and put, say, 100 ohms in between the circuit 
and the signal generator. This acts as a "shunt” if the, 
oscillograph is put across it, and turns that instrument into 
an ammeter. 

The Heterodyne Principle. 

The best way to show " beats” is to use two signal generators, 
one plain H.F. and one which can be modulated or not at will. 
They may not be equal, so a resistance box is shunted across 
each to vary the voltage. The beats will be seen when the 
two radio waves are given (See Fig. 187) about the same 



Fig. 187. — Visible Production of Beats. 


frequency. They may if very close in frequency lock anc 
form one wave. 

If a modulated wave is used for one generator, one can see 
how the modulation affects the beats which show what the 
- wave was like in the old' type of superhet -where two waves 

were added, before detection. ■ 

} 

Circuit Transients. 

The square wave oscillator gives a ready means of showing 
the transient currents which flow in circuits when a D.C 
voltage is switched on. This current transient as Heavisid( 
showed is fundamental, Six special cases axe as follows 
(See Fig. x88.) 






Six Common Transients 
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Fig. 18S. — Six Common Transients. 






Fig iSg. — S quare Wave Generator 
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(1) Helmholtz 'Law. 

Use a coil and some 30 ohms in series, 

(2) The coil with negligible resistance. 

(3) Charge of a condenser through a resistance. 

Use about 10,000 ohms and t mf. 

(4) The Condenser only. 

Cut nearly all resistance out. 

(5) Oscillatory Circuit. 

Put the oscillograph across coil. "Vary resistance. 

- (6) Coil condenser and resistance as for oscillation but too 

highly damped; no oscillation. 

Any good inductance such as a telephone loading coil is 
excellent for the inductance and a fraction of i mf. and a 
decade resistance box complete the circuit to be tested. 

The square wave generator may be rim at about 200 to 
300 c/s with a coil of about 120 millihenries. The multi- 
vibrator is a remarkably steady circuit and the picture very 
steady. The square wave circuit is given here. (See Fig. 189.) 

Lecher Wires, 

Thes_e may be 4 inches apart and 20 feet long fpr waves of 
about 3 metres long. The oscillator circuit is shown in Fig. 
igo and consists of an oscillating “circuit” with the inter- 
electrode capacity of the valve as C and the single loop of 
the copper rods as L. 

The chokes are about ten turns of wire round a pencil and 
the bridge condenser about ’oooi to '002. 



Fig, 190. — Oscillator for 2 to 3 Metres 
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The coupling to the lecher wires is a single loop of wire 
round the valve itself. 

Quality of Tuned Circuits. 

If in the experiment on the case of resonance of coil and 
condenser in parallel, an extra resistance is put in, one can 
find the total resistance of the tuned circuit. Suppose 5 ohms 
reduces the valve voltmeter deflection to half what it was, 

that means that theie is half the impedance, so is half, 

showing that R has been doubled. Hence if 5 ohms has been 
added, the tuned circuit resistance was 5 ohms to begin with. 

The Multivibrator. 

This circuit is of great laboratory use and also forms the 
basis of the modem oscillograph Time Base Circuit for high 
frequency use. The circuit is that shoivn in the first valve: 
the first double triode in the square wave generator on 
Fig. i8g. 

When one grid goes negative, the valve draws little current, 
making that plate positive. This puts positive pressure 



Fig. 191. — Circuit for Frequency Doubling. 
(Testing Circuit for Quality "Q”). 
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through to the second grid, giving negative pressure to the 
plate of this valve and so round to the grid of valve i. 

The condensers charge, but the equilibrium is unstable 
and the circuit shoots off in the opposite direction. Bends 
in the valVe curves must determine the amplitude. 

Frequency Doubler or Trebler. 

This is merely a valve with a timed anode circuit, the 
anode being tuned to double or else three times the frequenc}' 
put into the grid. 

It is easj’’ to see, on the oscillograph when the circuit is in 
tune to the double frequenc\% especially if a double beam 
oscillograph is used. 

Mains Power Units. 

This makes a beautiful experiment when set up as shovm 
in Fig. 192 [a). 

The load resistance takes the place of the set and must 
.get rid of the power, say 200 x -i = 20 watts or more. The 
little resistance gives a voltage to work the oscillograph. 

The various effects obtained are as follows: 



^^'ith one diode disconnected and left free, half wave 
rectification is obtained thus: 


Fig. 193. 
Half Wave- 
Re cnFiEE. 
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When a choke is put in, but no condensers, thus: 



Fig. 194. — Choke Only for Smoothing. 


The ripple is reduced, but the high harmonics of Fig. 192 {b) 
which cause the sharp -points at the bottom are weakened 
more because LW is bigger when/is bigger; and so the wave is 
more like a sine wave. 

A condenser only, gives a wave like that in Fig. 195. 


£ 



Fig. 19s — Full Wave RECTiriEK. 
Smoothing with a Condenser only. 


The rise A to B is quick because it must be performed in a 
short time, namely the time of the peak 'of the AC wave. 
This is because the reservoir condenser C, always has some 
charge in it and some vbltage. The diodes only add a 
current when the voltage is bigger than what is already in, 
and this can only be for a part of the cycle less than half. 

The choke and condensers together give smoothing, but 
one can see (by turning up the amplifier on the oscillograph) 
that smoothing is g relative term. Indirectly heated valves 
are used for AC and the heaters are connected to a separate 
low voltage winding on the transformer — ^not the one heating 
the rectifier heater. 

The Effects of Electric Current. 

An excellent demonstration is described in Electricity and 
Magnetism with Mechanics, by J. M. Moir. 
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A current is taken through a lamp, a motor, a resistance for 
heat, along a %vire suspended above a magnetic needle, and 
through a U-tube containing common salt in water with a 
little phenol-phthalein. This shows light, mechanical motion, 
heat. Oersted’s experiment and chemical action all from the 
same current. 

Eddy Currents. 

The following experiment illustrates eddy currents very 
well, and was on view in Dr. E. W. Marchant’s Laboratory 
at Liverpool University some years ago. 

A bundle of StaUoy stampings, in a plain bar is wound vdth 
a coil of sufficiently heavy wire to give a powerful alteiTiating 
field when a 50 cycle voltage is applied. The coil is contained 



in a box and the core which is about 2 ins. diameter, projects 
above the coil for some inches as shovni in Fig. 196. 

One or two thick aluminium rings are made with an 
internal diameter of about 3^- ins., and approximately 5/16 ins. 
thick. If these rings are slipped over the core before the 
current is switched on, they fly into the air when the sivitch 
is closed. This happens because the powerful eddy-currents 
generated in the rings are flowing in a ffirection which opposes 
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Etc. 197. — Wiring Diagram or SniptE Broadcast Transmitter. 


the magnetic field of the coil which generates them. It is 
Lenz’s Law. 

A Simple Broadcast Transmitter. 

A post office type microphone is coupled by transformer 
to an octodo valve in which the oscillator section is oscillating 
at some medium wave frequency. A tuned anode circuit as 
shown' in the theoretical wiring diagram (Fig. 197) is used, 
and a few feet of aerial wire is enough to radiate speech 
which can be picked up in another room on any domestic 
receiver. 
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A.C. bridges, 178 
A,C, cyde, 43 
A.C. generator, 78 
Accomulators, 8 
Aerials, 197 

Alternating currents, 7S 
Alternating currents v.-itl> induc- 
tance, 83 
Alternator, 78 
Ammeter, hot wire, 30 
Ammeter, mowing coil, 33 
Ammeters, 2O 

Ammeters, caicnlations on, 2O 
AmiJliflcaticm, class B, 343 

high frequency, 1^:6 
lov/ frequency, 138 
pash pull, 144 

Amplifier of mu.sical frequency 
current, the triode as an, 138 
Amplifiers, multi-stage, tgo 
Anode bend detectorrthe, 134 
Anode bend modulation, 127 
Application of Ohm'.s I.av.-, 38 
Armature, the drum, 57 
Armature, the Gramme King, 5O 
Armature windings, 59 

Band pass filter, resonance curs'c 
oi, 161 
Batteries, 7 

Battery, condition of charged, 9 
Beat wave, 233 
“Bell" telephone, 76 
Bridge detector, jSO 
Bridges, 31 

Cable, co-azial, 205 , 

Calculations on the res-i.stance.s of 
conductors, 34 

Capacity and Inductance, 79 
Cathode ray oscillograjjh, 364 
Cells in .sc'rie.s and parallel, 7 
Characteristics, dynamo, O7 
Characteristics of motors, 0 
Chemical effects of a current, 4 


Chohe modulation, 329 
circuit, 329 

Circuit containing indnctaiice and 
' resistance in series, 85 
Circuits, detection and detector, 
331 

Circuits, modulation, 327 
Circuits, jmsh pull, 344 
Circuits, quality of toned, 239 
Circuits, time tese, 1C6 
Circuit, traTisient, 235 
Class B amplification, 343 
Class C amplification, 149 
Co-ardal Cable, 205 
Coil condenser and resistance all 
in series, 90 
Coite, losses in, 98 
Coils, radio, 89 
Colpitis osciliator, riS 
Commutator, the, 57 
Completely’ modulated wave, 156 
Complete receiver, the, 3 67 
Comj/ound wound machine, O3 
Condenser musical voltage, 201 
Conden'jer, reactance of a, 87 
Conden-ser.s, 51, 87 
Conductor, mechanical force in, 
60 

Conductors, calculations on llje 
resistancc-s of, 34 
Constants of triodes, loO 
Coulomb, definition of, 10 
Coupling, resistance capacity, 341 
Coupling, transformer, 143 
Cry.sta], test on a, 104 
Curl equations, ilaxwell's, 210 
Current, chemical effects of, 4 
Currei3t, magnetic effect of a, 3 
Curre-nt measurement, electric, 10 
Currents, alternating, 78 
generation of, 5^ 
peneration of alternat- 
ing, 78 . 

measurement ot nne 
wave, 82 
transient, 47 
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Curves, resonance, 95 
Cyclotron, 169 

Design o£ filters. 1 70 
Detection and detector circuits. 

Detector, leaky grid, 133 

the anode bend, 134 
Dial tj'pe resistance, 31 
Diode curve, 131 
Diode valve, 105 

Direct and indirectly heated 
valves, 1 12 
Direction finding, 174 
Double valve oscillator, the, 232 
Drum armature, the, 58 
Dynamic characteristic of a valve, 

III 

Dynamo characteristics, 67 
Dynamo construction, 56 
Dynamos and motors, mechanical 
force in, 65 
Dynamo, the, 52, 65 

Edison's valve, 105 
Eddy currents, 4<i 
Electrical quantities, linear nature 
of, 20 

Electric current, chief effects of, 3 
Electric current measurement, 10 
Electric power, 16 
Electric pressure, 15 
Electro-magnet.'simple. '6 
Electro-magnetic induction, 40 
Electron flow in a vacuum, 2 
Electron microscope. 168 
Electrostatic voltmeter, 16 
Equivalent circuit of a trans- 
former, 152 
Excitation, 63 

Experiments and demonstrations, 
229 

Experiments on "space," 48 

Farad, definition 'of, 51 
Filter, impedance of, 171 
Filter, termination of a, 1 71 
Filter, the low pass. 1 70 
Filters, design of, 170 
Fluxes, magnetic, 5 
Flux path, 61 
Focussing, 164 


Frame aerial, 173 

positions of silence, 1 75 
positions of loudness, 175 
Frequency, definition of, 55, 78 
Frequency and size of components, 
variation of reactance with, 
88 

Frequency doubler, 178 
Frequency doubler or trebler, 240 
Frequency filters, intermediate, 

159 

Frequency multiphers, 177 
Frequency response, 2o2 
Frequency trebling, 17S 

Galvanometer, tangent, 1 1 
Generalised resonance curv'e, the, 
lOf 

Generation of alternating cur- 
rents, 78 . 

Generation of currents, 52 
Generator, A.C., 78 
Generator, D.C., 56 
Gramme ring armature, the, 5O 
Grid modulation, 127 
Grid-tuned plate oscillator, tuned, 
120 

Guides, wave, 218 

Hartley oscillator (with auto- 
matic bias), the, 117 
Heated valves, direct and indi- 
rectly heated, ri2 
Heating effect of electric current, 
3 

Heterodyne detection, S 55 
Heterod^e principle, the, 235 
Heterodyne receiveV, 207 
H.F. pentode, the, 148 
High frequency amplification, 146 
Hot-wire, ammeter, ro 
H.T. from A.C. mains, 203 

Ideal detector characteristics, 132 
Impedance, filter of, 171 ' 
Inductance, alternating currents 
rvith, 83 

Inductance and capacity, 79 
Inductance, negative, 224 
Inductance and resistance in 
series, circuit containing, 85 
Inductances, making of, 88 
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Induction coil, 44 
Induction, electro-magnetic, 40 
Instruments, magnetic, 13 
Intermediate frequency filters, 159 
Internal resistance, 37 
Interpoles, 73 

J notation, the, 192 

Lap armature winding, 62 
Leaky grid detection, difierential 
effect in, 134 
Leaky grid detector, 133 
Lecher wires, 238 
Limit of swing of oscillation, 117 
Linear nature of electrical quan- 
tities, 20 

Link coupling, 140 
Lissajous figures, 1S3 
I-odestone, properties of, 14 
Losses in coils, 98 
Loud speaker, the, 185 
Low frequency amplification, 138 
Low pass filter and Fourier series, 
232 

Low pass filter, the, 169 
Magnetic effect of a current, 3, 6 
Magnetic fluxes, 5, 6 
■Magnetic instruments, 13 
Magnetism, 4 
Magnetron, valve, 227 
"Magnification," 100 
Mains power supply units, 203 
Mains power units, 240 
Matching impedances by a trans- 
former, 151 

Maximum power rule, proof to, 
153 

Maxivell’s bridge, 185 
Maxwell’s curl equations, 210 
Measurement, electric curient, 10 
Measurement of resistance, 28 
Sleasurement of sine wave cur- 
rents, 82 

Mechanical force in dynamos and 
motors, the, 65 
Meissner oscillator, 114 
Modulated wave, side bands of, 
124 

Modulation, 12 1 
Modulation, anode bend, 127 
Modulation choke, 129 


Modulation circuits, 127 
Modulation, octode, 330 
Modulation, pulse-time, 125 
Motor control, 74 
hlotor starter, shunt, 75 
Motors, characteristics of, 69 
Motors, mechanical force in dyna- 
mos and, 65 
Motors, shunt, 70 
Motor, the, 65 
Multi-stage amplifiers, 140 
Multivibrator, the, 239 
Musical frequency current, the 
triode as an amplifier of, 138 

Negative inductance, 224 
Negative resistance, 223 
Neutralisation circuit, 146 

Octode characteristic curves, 230 
Octode detection, 136 
Octode modulation, 130 
Ohm’s law, 17 

Ohm’s law, problems in, 21, 39 
Ohm’s law, wide application of, 18 
Oscillation, limit of swing of, 117 
Oscillation, rule for, 114 
Oscillator, proof to the Meissner, 
190 

Oscillators, 114 

Oscillator, the double valve, 232 
Oscillator, the Hartley (with 
automatic bias), 118 
Oscillator, the triode, 1 14 
Oscillograph beams, focusing of 
the, 164 

Oscillograph, calibration of, 140 
Oscillograph, cathode ray, 164 
OscUlograpb, detector plates in, 

165 

Parallel circuit in practice, the, 
102 

Parallel connection of cells, 8 
Parallel connection of resistances, 

19 

Parallel resonance, 97, 234 
Pentode, the, 109 
Pentode, the H.F., 148 
Plug type resistance, 32 
Power output, to find the, in 
Power Valves, 144 
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Pressure, electric, 15 
Problems of Ohm’s Law, 21, 39 
Proof to maximum power rule: 
external resistance equals in- 
ternal, 153 

Proof to the Meissner oscillator, 
194 

Pulse-time modulation, 125 
Push pull amplification, 144 
Push pull circuits, 144 

Quality of tuned circuits, 239 
Quartz crystals, 178 

Kadio coils, 89 
Radio wave, the, 91 
Radiolocation, pictorial, 226 
Reactance, 84 

Reactance of a condenser, 87 
Reaction, 136, 187 
Receiver, the complete, 187 
Receiver, heterodyne, 205 
Regulation, 69 

Resistance capacity coupling, 141 
Resistance, dial type, 31 
Resistance, internal, 37 
Resistance, negative, 223 
Resistance, specific, 34 
Resistance in scries, circuit con- 
taining inductance and, 85 
Resistance, internal, 37 
Resistance, measurement of, 28- 
Rcsistance, plug type, 32 
Resistances m paralld, ig 
Resistances in series, 19 
Resistances of conductors, cal- 
culations on the, 34 
Resonance curves, 95 
Resonance curve, the generalised, 

lOI 

Resonance, parallel, 97, 234 
Resonance, senes, 95, 234' 

R.M.S. value, 83 
Rule for oscillation, 114 

Secondary emission, 109 
Selectivity, 160 

Separately excited machines, 64 
Series connection of cells, S 
Series connection of resistances, ig 
Series resonance, 93, 234 
Series wound machines, 6 (, 72 


Shunt motors, 70 
Shunt motor, speed-load curve for 
a, 72 

Sine curve, the slope of a, 8t 
Sine curve, square of, 82 
Sine wave currents, measurement 
of, 82 

Sine waves, 7, 55 
Slip rings, 78 

Slope of a sine curve, the, 8r 
Sound and speech, 76 
"Space," experiments on, 48 
Specific resistances, table of, 35 
Speech and sound, 76 
Speed-load curve for a shunt 
motor, 72 

Starter, shunt motor, 75 
Superhet, advantages of the, 159 
Superheterodyne receiver, the, 

157 

Supersonic Heterodyne receiver, 
160 

Swing of oscillation, limit of, 117 
Synchronisation, 166 

Tangent galvanometer, ii 
Telephone relay, flux curve in, 67 
Telephone transmitter circuit, 76 
Television, 168 
Termination of a filter, 171 
Tetrode valve, 107, 146 
Time base circuits, 166 
Time base circuit simplified, 168" 
Western elec- 
tric, 167 

Tramcar with tivo scries motors, 
73 

Transformer coupling, 143 
Transformer, matching imped- 
ances by a, 15 1 
Transformer, the, 79 
Transformer stampings, 8g 
Transient currents, 47 
Transmitter, telephone, 77 
Triangle of velocities, 8 
Triode as an amplifier of musical 
frequency current, the, 138 
Triode oscillator, the, 114 
Triodes, constants of, 106 
Triode, the, 106 
Triode -ralve as amplifier, 138 
Tuned circuits, quality of, 239 
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